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PREFACE TO THE THIRD EDITION 



The firit edition of this book was published in 1943 unilcr the difficult 
conditionia of the war* The second edition appeared In 1949 with only a 
few additionia and modihcations mainly because very little stTatigraphical 
w'ork was done during the war j^esirs, q4id what little was done remained 
unpublished. Since 1949,^ liowevern there has heen much improvement in 
regard to publication of scientific literature in India, botb by Government 
organisations and by universities and other centres of research. The 
Geological Siir\'oy of India, wliich is still the most imfKirtant oi^ganisation 
carrying out geological wmk in this countTy% has undergone considerable 
expansion during recent years. The Covcmmeftt has^also been actively 
sponsoring research in the uni verities so that it is now^ possible for the 
latter to take an Incrt^astng share in geological investigations and advance¬ 
ment* 


India was partitioned in 1947 and a Geological Survey of Pakistan w'as 
created out of the small number of geologists who were willing to go to that 
country* The Pakistan Geological Sur\'ey has now^ the responsibility of 
the ofbetid geological work in that country. 


Some im|>artant territorial chiing<^ have taken place within India 
since part it ion. The former princely States have been amalgamated with 
the neighbouring provinces into a small number of units. An indication 
is given beloiv of the more noteworthy changes in the designation of the old 

units as well as in the new spiling adopted for the names of some Important 
rivers, towns, etc. 



Prf^ent nawiff of 
Andhra . * 


Bombay 

Himachal Pradesh 
Madhya Bharat 
Madhya Pradesh 
Orissa 


mm^ and tUiaiis 

.Ml the districts of former Madras to the 
north of and including Nellom and Chittoor 
hut excluding part of Bollary 
Now includes Baitxla atid some Western 
India and Southern Mahratta States 
Simla Hill States 
Central India States 
Central Provinces including Bastar etc. 
Orissa and Orissa States 
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PREFACE TO THE FIRST EDITION 


The Urst edition of the oUteiaJ ^lanmil of the Geology of India by 
ikledlicott and Blanford appeared in IS79 and a second edition by R, Old¬ 
ham was published in They wort out of print by 1910 or thereaboutg^ 

Students of geology were, howeverp fortunate In the publication, by ^fr. D. 
N, Wadia, of his excettent book " Geolog)'* of India * in 1919^ and the subse¬ 
quent editions. For about a quarter of a centur)' it hits been the only book 
available on the subject, A new book on Indian Stratigraphy needs there¬ 
fore no apolog)^ to make its appearance, especially at a time when the subject 
is attracting the attentioD of an incteasiiig number of students and the 
educated public alike. 

I have endeavoured to include all the most ilniiortaiit and iiscTul 
informs I ion up to the time of going to Press subject to the limitations set 
by the size and standard of this bcKik. But, as my official duties have kept 
me awuy from Calcutta since the latter part of 1941, I have not Jiad the 
advantage of the unnvalle<i iibraiy^ facilities av’ailable at Ddeutta at the 
time of the final reanslon of the inafiiiscript. 

From the time 1 Ix^n the matiustriptp I hnivc received constant 
encouragement from Ur, Cyril S, Fox, Director of the Geological Sun^ey of 
India, who found time, amidst his manifald duties, to read it through. 
I am indebted to him for many tiseful suggestions* for permission to make 
use of the Geological Sun'^ey publications for illustrations, and for obtaining 
for me the sanctioti of the Govcmmerit of India to publish the book. It is a 
pleasure to acknowledge the valuable help 1 have received fium my collea¬ 
gues Messrs. N. K. N, Aiyangar and M, S. \’enkataraman at ah tirnes during 
► the preparation of ihe manuscript and during its publication^ To Dr. K. 
Jacob 1 am gratefiil for assistance and helpful critiersm in connection uith 
the chapter on the Gondwana S^^tem and in the prcp^imtlon of the plates 
illustrating that chapter 

Several difficulties cropped up soon after the manuscript was handed 
over to the Madras Law Journal Press for publication^ My warmest thanks 
are due to the management and staff of the Press for surmounting the 
difficulties and successfully bringing out the book in spite of the unprece^ 
dented conditions created by the war , and for the courtesy shown to me at 
all times. 


Madras, 

J5f* May, I94J 


.M. S, Krishkan 
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CHAPTER I 


INTRODUCTION AND PHYSICAL GEOLOGY 

The Divlsiodii df India 

A physical map nf India shoiv^ strikingly that the country- can be 
divHHcd into three wcU-inarked regions each having dktinguisbing characters 
df its own. The rtrel k the PfHiiurif/tf or Peninsular Shield (‘ shield ' being 
a ienn used for geologi^ly very old and stable parts of the crust) l>-ing 
tti the South of the pUurts of the Indus and Ganges river sji'stems. The 
second division comprises thnse I ndo-Gaiigeik otlwial pinins stretching 
across northern India from Assam ;uid Hengnl on the east, through Bihar 
and Uttar Pradesh, to the Punjab and Sind on the west. The third is the 
Exira-penin^ula, the mountainous region formed of the mighty Himalayan 
ranges and their extensions into Baitichlstan on the one hand and Burma 
And Arakan on the other. 

These three divinous exhibti marked contrast in i^tiwcnl features, 
stratigraphy and structure, 

Phjrsfogrjiphlcally* the Peninsula is an ajicieiit plateau exposeil for 
Jong ages to dciHidation and appitiachijig peneplanation. Its mountains 
an? of the relict ty|H^ they represent the sumvaJ of the harder masses 
of rocks which have escaped weathering and removal ; their topogtaphical 
expression may not therefore be directly attributable to theii structure. 
Its riA-ETs have, for the most jiart, a couiparativelj^ flat country' with low' 
gradients to traA<mse. and have huilt up sliallow and broad valieys. The 
f%xtra-Pen insula, on the otiicr liand. is a region of tcxrtonjc or folded and 
overthnist mountain chains, of gcologicaDy recent origin. Its rivers are 
youthhil and are actively eroding their beds in their precipitous courses 
and carving out deep and steep-sided gorges. The Indo-Gangetk plains 
are broad, memotonous, level expanses huUt up ol recent alhnium through 
which the rivers flow sluggisfily towards the seas^ 

StratJ^mphicuUyf the Peniusiila is a ' shield " area compotsed of 
geologically ancient rocks of divcise origin, most of whkh have undergone 
much crushing and mvtamorphism. Over these ancient rocks Ik a few 
areas ui pre-Cainbrian and later se<Uments an<I extensive sheets of hori¬ 
zontally l>cdded lavas of tJie Deccan Trap formation. Some Mesozoic 
and Tertiary' sediments are fonnd mainly along the coastal regions. The 
lixtra- Pen insula, though containing some %'ery old rocks, is predominantly' 
a region in which the sediments, laki dowm in a vast geo^mclinc continiJ- 
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ously ffom the Cambrian to early Tcrttaiy, e been ridged up and fold^l. 
They thus show pnoTinouj& thitkoesses of sedimentsirj.’ rocks ^presenting 
pracltcally the whole geological cohinm, wliich have b«n coiiiprcssed, 
overthnist anti t lcvatctl into dry land only since the end of the MesoEok 
times. The core of the nioiintains is composed of granitic intrusions of 
presumably Tertiary age. The southern fringe, bordering on the plains, 
oonswts of fo-fttwater and estuarine deposits of Mio^ldioccne agctlerived 
largely from the erosion of the rising Himalay-as, The Gangetic I'lains- 
are built up of layers of sands, clan's and occasional organic debris (peat- 
licds, etc,) of geologically very' mcent date (I'leistocene and KecedtJ. filling 
up a deep depressioTi belweeu the two other units. 

Structurally, the Peninsula represents a stable block of titt earth's 
crust W'hkh lias remained unaffected by mountain building movements 
since practically the close of the Pre-Cambrian era. The later cJiangcs 
which it suffererl have been mainly of the nature of normal and block faulting 
because of which some parts have sunk down relative to others. Along 
its coasts, there have been marine transgressions which lia\-ie laid down 
sedimentary beds of Upper Gondwana, Cretaceous or Tertiary' ages, hut 
not of great thickness or extent. In contrast with this, the Kxtra-Peninsuhr 
has recently undergone earth iitoveincuts of stupendous magnitude. Its 
strata are marked by complex folds, reverse faults, overtlirusts and nappes 
of great dimensions. There is reason to believe that these movements 
have not yet completely died down, for this region is still unstable and is. 
frequently visitetl by earth<]uakcs of vaiying intensities. The Gangetic 
plains owe their origin to a sag in the crust, probably formed contem¬ 
poraneously with the uplift of the Himalayas, Tliis sag or depression 
has since been filled up by sediments derived from Ijoth sides, and especially 
from tlic lofty chains of the Himalayas w'hich are actively being eroded by 
the many rivers traversing them. The little geological interest which 
these plains hold is confined to the rich soils and to the history of the river 
systems; indeed, the alluvium effectively conceals the solid geology of 
its floor, a knowledge of which would be highly interestmgand probably 
fiven profitable. These alluvial plains are. how'cver, ot absorbing interest 
in human history, being thickly populated, and the scene of many importiint 
developments and events in the cultural and social history'of Hindustan. 


CLIMATE 

India. I'akistan and Burma together have an area of m cr 1,899.000 srp 
miles Jlndia 1,271.300 ; Pakistan 365,900 ; Burma 261,600 scp. miles)- 
India and Pakistan stretch between N. latitudes 8^ and 37“ and E. longi¬ 
tudes 61" and 97". Burma extending further cast to a little beyond 100\ 
From Cape Comorin to the north of Kashmir the distance fc abont 2.000 
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this being exceeded by the distaiice between the western bonder 
of Baldchistmi and eastern border ot Bumaa by some 400 miles, 

Within this extensive domain are present a variety of dimatic con¬ 
ditions, but the dominant feature is the tropical monsoon. The northern 
part of the country^ that beyond the latitude of Calcutta and Ahniadahad, 
lies to the north of the Tropic of Cancer. The interior of the countrj^ 
o^ving to its Inland or continental nature, is subjf^ct to extremes of tempe¬ 
ra tnre. The mountatn barrier of tlie Himalayas pl^ys an important part 
not only in influencing the distribution of rain in Xorlhem India, but 
also in preventing this region from experiencing the very cold vrinters 
cluiractensing the territories to their north. 

The south-west monsoon reigns from the end of ^lay to December, 
the earlier half feeing the general rainy season. The latter half marks 
the ' retreating monsoon* during which some parts of the eastern coast, 
particularly the Madras coa.st, receive some rain. The north-i'^fist monsoan 
Is active during the cold weather but the winds are dry lief ore they blow 
over the Bay of Bengal. 

During the cold weather (December to February) the temiKriature 
rL*aches a mitiimurn, especially in the Punjab and the north-west wbicli 
mean temperatures below 55 "F, In Upper India there is a region 
of high pressure from which winds radiate to the souUi and south-east. 
North-Ciist winds are experienced m Bengal but they are t\ry nnlil they 
blow over the sea w'hen they pick up moisture and precipitate it on ihe 
Madras coast and Ceylon. Some cyclonic storms are also experienced 
in NAV. India during tliis period but these are due to winils travelling 
eastwards from the Mcditerruneati. 

During the succeeding munths of March to May. the teiii|)erattire 
rises steadily to a maxiniuni, the Interior of tlie country^ registering 110'' to 
I^O^F, in early May. Strong winds blow from the north-west dowm the 
Ganges valley, familiarly known as 'no^veste^5^ ’llN^ugh, during this 
period^ there is a low- presvsum region in Northern ItidU, there is no Oow 
of moistiire-bearing ivinds from llie Indian Ocean its there is ubstniction 
to such a flow in the intervening low pressure equatorui] lielt. It is only 
tow-ards the end of May that this latter is wipe^l out um\ the south-west 
winds establish themseK'es. 

The south-wti^t monsoon strikers the Malabar and Arakan coasts afid 
is deflected northwanls by tlie hills prei^t along these coasts. The Deccan 
plateau falls in the min-shadow of the Western Ghats and hence receive 
only a small amount of rain which diminishes steadily from west tu east. 
The Western Ghats receiA^e over 100 inches of min during tltc monsoon 
w^hereas the " shaiJow' region gets only 15 inches or less. The winds 
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swtn^ping up through the Bay of strike the Arukan and As^tant 

hiilSp the latter forcing the winds up to an ultitmie of some 5,000 feet when 
all their moisture content is precipitated as rain. The neighbourhood of 
Cherrapunji is known to receive the highest rainfaU in the u-^orid, avcniging 
about 450 inches per year, the ma^iintjm fecordwl being 905 inches in IlibL 
Part of the monsoon winds is deflected up the flanges vaOcy to as far as 
western Punjab* bringing rain to these regions l>i5tween the middle of June 
and the end of August, There is of course more rain along and near the 
Bimalayan foothilli than away from them an<l hence Soulhein Ptinjab and 
P[ijasthan arc regions of low^ niinfalL 

A broad and rather irregular belt of low rainfall {2Q-30 inches) istretches 
from the interior of ^ladras in a northerly dkecUoii ihrough Bombay 
and Central India to the Punjab. Bui South-w.estern Punjab, Western 
Kajputana, Sind and Baluehistati constitute a region of ver\^ low rainfalt 
(below 10 inches per annurn) and enclose The tract known as the Thar wfiicli 
is a st^mi-deserl. 

The latter part of the south-west monsoon season is marked by a 
gradual rise of pressure in Northern India which has the effect of obslructii^g 
and relatively pushing back the monsoon current. The winds then^foro 
appear to * retreat' and precipitate the moisture content along tlie east 
coast of Madras* during October and November. This is in fact the chief 
rainy s^^ison of this part of IndLi. The real northneast monsoon begins 
to be elective only at a later poHixl but actnuUy contributes less raiti than 
the retreating south-wx^t monsoon. 


PHYSiOGRAPHY 

MOUNT A INS 

Peninsular India 

Tlic chief inountaLns of Peninsular India are the Western and Easlem 
Ghats, \'indhyas, Satpuras, the .Xravaliis and those lonning the 
plateau. 

The Western Chats : These forn^ a w-elbmarked feature aloug the 
w'estem coast of India from the Tapi Valley down to Cape Comorin. The 
northern part, down to Dharvvar and Ratnagiri Ln Bombay, is composeef 
of the Deccan Traps, while ibc sou them port which includes the rest, 
consists of .‘Vrcliaean gneisses, schists and ebamockites. The W'cstcrii 
G1iat.s are hearly J,CH30 miles long* Their average elevation: is from 3,5(K> 
to 4.000 feet but many peaks rise to aw^ 7,000 or 8,{X10 feet Dodda- 
betta [8*650 feet) and Makurti (8.380 feet) bi the NUgiris, Anaimudi (8*837 
feet) id the Anatmahtis and Vemhadi Shola (8*318 feet) in the Palni hills.J 
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The Western Cihatii in Bombay are composed of flat-topped ridges 
T.\ hich are due to the more resistant floM-s of the Deccan Traps fonning a 
series of step-Jike terraces. In this portion rise the Goda\-aii, Bhima and 
Krishna ri^'crs, ITte Satmala ridge branches off to the east between the 
Tapi and the Gexiavari^ whUe Mahadeo ritlge branches off between the 
Hhima and Krishna rivers. Mahabalesbwar is a weO-known hill station 
(4JI7 feet) near the source of the Krishna river. A few passes in the girats 
provide lines of communication beti%een the coastal plains and the interior 
and these have had greal strategic significance in the piist history of the 
Country^ 

The WKStem GhaLs are generally knoi^m as 'Sahyadrfs ' which is the 
name by which they have been described in the epic Ramuyaita. As we 
proceed to the south into Mysore, the Ghats teiid to recede to 10 or 40 miles 
from the coast. In the Milgins the Eastern Ghats join them to form a 
monntaiu knot whose highest j^int is Doddabetta. further south the 
Western Ghats recede still further, to a distance ol 40-50 miles from the 
coast. 

To the south of the Ntlgiri hills is the remarkable pass or gap in the 
Western Ghats, known as the Palghat Gap+ Tliis has always providi'd a 
major line of communication betw'een the coastal phiins of Malabar anti 
Kanara on the one hand and the plains of South Madras on the other. 
The Palghat Gap is only 1,000 Feet in elevation, but has a maximum wndth 
of 15 miles. It might represent the vaOcy o-f a westerly flowing river of the 
Tertiary times as suggested by Jacob and Karay^anaswaml (1954}. 

South of the Palghat Gap the Western Ghats rise again to fumr tiu" 
.Anaimalai hills whose Filghesi peak is .\iuumudi. The top of these hills 
is an unflidating plateau which is well-foresterL They support very good 
forests coutnining several useful timber species, teak, elionyp ifose 
wcBcJ, etc,p and a Jai^e variety of bambcHDs, The and rravaircore 

l^rts of the Western Ghat^ abo support laige plantatwns of tea, coffee, 
cinclmtui, cattlaniom, etc. One of the eastern spurs from these hills form? 
the hills. Further south in Travanoofe they decrease in height and 
disapi^ear finally a few miles to the north of Cape Cqmorin. 

Though situated very close to the .Arabian Sea^ the Westi-m Ghats 
form tbc real watershed of the Peninsula. Their easterly slopi^ are gentle 
and often grade into the Mysore plateau and the plains of the interior 
districts of Madras. The western slopes are much steeper and often 
precipitous. As they are exposed to the full vehemence of the south- 
H'cst mbns€M3n, they receive around 150 mclics of nun |x:r annum. AJI the 
important peninsular rivers, viz,, the Godavari^ Kristinap Cauvmy and 
Jamhrapurril and their important tributaries rise on the Western Ghals 
and flow eastwards Into the Bay of Bengal, 
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Tive Eastern Ghats : These sre a series o£ rather detached hill 
ranges of heterogeneous composition which stretch intennittentl>'' from the 
northern border of Orissa through the coastal tcgious of the Andhra Pm^nnee 
to join the Nilgifis in the A^cstem part of Madras. Tliey arc unifomt in 
their character in Orissa and in the northern ^lart of .Vndhra down to the 
vahey of tlic Krishna river, being compoS4>«l of ganietiferous siUintanite 
gneisses (khondahtc] and large ina^cs of chamockite, Th<ir average 
devation here is about 2,500 feet, but a few points rise to over 5,000 feet, 
for e.^an)ple Korla^xit i3,981 feet) and Hanksamo (4^182 feet) in Kahthandi ’ 
Nimaigiri (4,972 feet) in Koraput ; ^lalayajiftri (3,895 feet) in PaJ Laiiara ; 
Meghasani [3,824 feet) in Mynrbhanj ; Matskamacha (3.639 feet) in Bonai 
and Mahendragiri (4,919 feet) in Ganjam. fn a few' places the gameti- 
ferous gneisses arc capped ]>y laterite which is gcnerallj^ tcro [joor in aJkinnna 
to form commercial biu.site. 

South of the Krishna Valley, they continue into the Kondavidu hUls 
which are composed of chamockites. Possibly a part of the (ihats in the 
Krishna district strikes into the Bay of Bengal to continue further on into 
Ceylon. The N«il]anialai and Palkonda liihs are composed of Cuddapah. 
and Kumool fonnations. Their continuation is to be seen in the Javadi, 
Shevaroy and the Biligiri Rangan hills of Salem and Coiinli^torc w^hich 
finally join the Nilgiris- AU these are made up of charnockJtc and granitoid 
gneisses. Of these, the Shevaroy^, which rise to a height of 5,410 feet, 
contain a few’ flat-toppcd peaks on which banxitC' deposits occur. 

The Eastern Ghats to the north of the Krishna river havi? hc-cn oon- 
sidercd by Fermor to have been upliftctl in l^re-Can’ibriaii or later times. 
This is supported by the fact that the majority of the rocks have the impress 
of high grade metamofphism. They contain intnirive masics of granitic 
rocks w'hich, when invading manganiferous sediments, have given rise to 
hybrid rocks originaUy described as Kodarifes by Fermor* fn a few places 
such as the Baula liills in Keonjhar ajid in the KontlapaJle hills in the 
Krishna district, there are intrusive masses of ultrabasic rock associfited 
with chromite. This jntrt of the Kastem Ghats is therefore the remnant 
of a tectonic mountain s^-stem whereas that in the fuddapah basin further 
south is largely of the relict type. 

ITie Vfndhyu 31ountujns i I'he \'indliyas, wlikh separate Siutht-m 
India from Northern India are a fairly cuntinuous group of hill mtiges. 
^ tailher a series of plateau^:, l>'ing to the north of the Narmada river and 
extending from Jobat : 74'^35 ) in Gujarat to Sasaram (24^57^ : 

84*02^1 in Bihar, through Indore, Bhopal, Haghelkhand and Mndhya 
Pradesh. Their general ek%'ation is 1,500 to 2,000 feet but a few points 
rise above 3,000 feet+ The majority of the ranges arc computed of $andstoncs 
and quartzites of the Virrdh>'an S^^stem, these bt.^ing relict mountains. 
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The wfcstem part, to the west o| JalwilpuT, forms the marthcrti hotindar).' 
ol the Narmada Valley and consists tnainly of Dcccan Trap. The eastern 
part, mcluding the Kiumur Range, iscon^poAcd of the Vindhyan sandstones. 
The ^[aikal Range, forming so to say a connecting link between the \'indhyas 
and Satpurab. is a Laxge plateau which was once W4-U prapulated btlt is now 
highly forested* Together with tJie Satpuras, the Vindhyn tnoutitains 
form the watershed of Central India from which rise the Narinadap Chambal, 
l?etwa. TonSp Ken^ Sone and others, some of w'hich flow into tile Ganges 
ant! the others into the Godavari and Mahanadl* 

The Satpvra Mountains t Thi^ name was ap>pJied originahy to 
the hills in the Nlmar district of Mailhya Pradesh which separated the 
Narmatla wd the Tapi Rivers. Their western temnuiatlon is in the Raj-, 
pipla UUh ui Gujarat while in thw east they comprise the Pachmarhi 
HilU^ the Maikal Range and the hills of Surgnja, Ranchi and Hazaiibagh^ 
They ha%'c a general E.N.K,-VV,S*\\”. trend. Tlic [Asiks in the Mahadeva 
Hills are over 4.000 feet in height (Pachmarhi : 4,380 feet] while the 
Amarkantak peak is 3,490 ff-et higts. The highest j-soint is Dhupgarh 
(4,454 feet). In the eastern part, the Satpnras are composed of Gonclwana^ 
and Archaean gneisses. In Bcrar, the Satpuras occupy a broad *one. 
70 to 100 miles widcp compciscd of several more or less parallel ridges of 
ITeccan Trap flows* Their northern slopes are drained by the Narmailn’ 
R iver and the southern slopes by the Wainganga, Wardha and Tapi. ' 

The Rnjmalia] Hills at tJie head of the Gauges Delta were onse 
regarded as part of the Mndhy'as or the Satpuras. They arc, however, 
not connected with either^ being composed of la^'a flows occupying the area 
betwe^^n lat, 24'“30' and 25^1 5' roughly along long, 87^30'. 

The AravalU Mountains t These arc noiv the remnants of once 
great mountain ranges of tectonic origin. Thcy^ ctios$; Rajasthan from 
south-west to north-east dividing the arid scnii-desert of the Bikaner. 
Jodhpur^ and Jaisalmer area on the west from the more fertile region of 
L'daipur and Jaipur on the east. They are composed of rocks of the 
Aravalli, Delhi and V'indhyan Systems. 

The Small detached quartj^ite ridges near Delhi are their northenimosl 
stumps* They continue to Khetri north of Jaipur where the first wett- 
marked ridge appeals. They gradually rise higher tow'ards the south¬ 
west forming the peaks of Kho (3,212 feel), Raghunathpur (3.450 feet) 
and Harisnath [2,968 feet). They pass to the west of the Samhhar Lake 
nnd open ont to form several parallel ranges, the h^ht-st point here being 
Taragarh fort hill f2,855 feet). From fkstwar onwarils they form cons- 
picuous ridges w hile beyond Merwara they spread out bto a ione of hills 
25 to 30 nnks wide. The highest point attained by the .Vra^rafli MountaLns 
is Gorusikhar (5.650 feet) in Mt. Abti. Ftjrther south-w est they gradually 
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btiCDiDc straggling hills fomuxig the rugged country e-vtctiding troni 
wcsi Mewnr into Dungarpur aJid Banswanu They may lie said to terminate 
in the district of Bhiikar in south-western Sirohi. The southeastern 
Banks extending into Udiaipur are less steep tlian the north-wt^tem fUinks. 
the latter Iwing better wooded, because of the slightly higher rainfall on 
that side. 

Though the AravaUis terminate in Gujarat in the soulti and near 
Delhi in the north, there are indications that they extend in htnh directions^ 
Pre^ambrian rocks with the AravalH trend have been noticed in GarhwaJ 
in the U.F. Himalayas and are considcre^l to represent tHcir former ex¬ 
tension into this region. In the south of Rajasthan they tend to splay 
outn the diflerent ports being continued probably into the Liccadives in 
the Arabian Sea on the one band and into Mysore aiul HycIrmMd on llie 
other. 

The AravaUis are thought to constitute one of the finest exsunples of 
a tnie tectonic range. They were formcil in l*re>Qunbdan fpost-AravalU 
and post-Delhi) times anti were probably uplifted again ici postA'indhyan 
times. The last movement may have been merely a block uplift iis 
suggested by Femnor {Ric^rds, GSJ., Vol. LXIl, pp. 39i-40?, If.TO). 
They form the major watersheri of Northern India, st parating the drainage 
of the Gauges River sptom from that of the Indns, which are rlestino^l 
respectively for the Bay of Bengal and the Arabian Sea, 


Extni'PeuinauJar Ranges 

Arcuate Disposition.—The mountLiiua siurokinding India on the 
north, north-west and north-east are, as mentioned already^ tectonic ranges 
and have been formed at a btc geological iige, rix,, during the Tertlar>". 
Their cur\dlincar disposition Is very^ striking. They consist mainly of 
circular arcs which are convex towards the Fen insula, f,c., towards the 
rigid crust against which they appear to have Iwn thmst. 

Of these, the Himalaj-an and the Burmese arcs are of immense radius. 
The Himala^^s extend with a smooth sw'eep from Assam to Kashmir, 
for a length of about 1.500 miles. The western arm however consists 
of arcs of smaller radii which succeed one another at short internals. The 
three main segment-s here are the Ka^^ira mountains wnth the Samana 
Range and Safed Koh i the SulaJiuau ranges which teiminate near f^etta 
and the s^^tem composed of the Bugti hills, and the Kirthar and Mekran 
ranges. 

The Himala}'an arc is followed to the north by a succession of ranges 
across the great Tibetan table-land^ their incficl losing more or less parallel 
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to ih(i but their curv^Atiire gnidqally decreasing in cocli of the 

more northern rangif^. It mH thus be seen tlsat the Aling Kangri, the 
Karakoram and the Kim Lun become progn^ssivcly straightcr, the last 
Ijcing praeticaliy a straight mountain sjiitem [See Map ll). In the case of 
the Biduchistaii arc, the transition from the strongly curved outer ranges 
to the slightly cun'ed inner ones is more rapid and distinct than in the 
KimaJaya as will Ije deariy seen, for instance, in the case of the Sqlairnan 
and associated TEmges, The convexity of the arcs is in all CiiS£^ towards 
the rigid mass of the Pt ninsutar shield and indicates the apparent direction 
of thrust moi ements, 

Tibet.— The Tibetan plateau has an average altitude of U.ODQ feet. 
To its nortti-ivest Ls the Pamir (plateau (32,000 feet) which connects qp 
Mith the Tten Shan plateau further north. The Tibetan plateau is now 
generally covered to a Large extent hy alluvium and loess. It is studded 
with a large number of lak^ which were formerly much more extensive 
and probably connected with some of drainage. Now however, 

they are mostly brackish and are, together with the whole region p becoming 
desiccated, consequent upon the rise of the I lirrLala>^as which Tiave effectively 
shnt off the moisture-bearing uinds from the Indian Ocean. Iti the 
mountains on its southern and eastern border, howeverp rise all the great 
riii'ers of Southern and S^uth-eastem Asia, 

Karakoram.—The Karakoram range forms, so to say, the hack-bone 
of the Tibt-taji region and is continuous with the llinduku^h range to its 
west. The KaTakorom caniis the peaks (28,250 fwt], Gfishcfbrum 
(26,470 fcet)p Masherbniiu (25,660 feet), etc. It forms the chief water 
pEkTting between Centnil .\sia and South Asia. To the south of the water¬ 
shed it Ls some 30 to fsO niih^s wide, carrying peaks over 20,000 feet high. 
If contains ai.w several important glaciers—Koltoro, Biafo, fiispar, etc. 
The ¥alle>' of the Himza ri^er, at an Hiltitu<k^ of 15,500 feet, constitute 
a pass to Central Asia while the pass between Leh and Varkand fnrtber 
east is IS,,!™ feet high. Ssoiith of the Katakorani in Tibet Is a range of 
snow-cLad mountains named Aling Kangri. Henv far to the east this range 
extend-s is not knowa. Between Aling Kangri and the Kailas Range lies 
another range called tht^ Trans-Himalaya by Sven Hedin, the great Scan- 
dinai.'ian explorer to whos^^ explorations in Tibet we oive a great deal of 
our knowltxlgc. This Trans-Himalaya Range is tlic real watershed between 
the northerly drainage into Tibet and the southerly drainage 

Hei^trneil for the Indian Ocean, 

Kailas and Ladakh Ranges, —Some distance south of the Trans- 
Hi in^day a is the Kailas kaiige^ the latter being parallel to, and some 50 
miles north of, the Ladakh Range. About 19 miles north of the sacred 
Manasarowor lake, the Kailoij Range contains a cluster of peaks of which 


10 


GEOLOGY OF IXDLi AND BURMA 


(CHAP. 


the chief is Slount KEkiias (22,028 feetj. South of the Kailas Range como 
the Ladakh Range which takes its name from the province of Ladakh in 
Tibet. The Ladakh Range, which can be followed from Baltistan to 
Eastern Tibet, fonns the watershed betweeo the latter and Nei>al. To the 
west, it probably merges into the Haramosh Range on which the peak 
Rakaposhi (25,550 feet) is situated. The highest peak of tlic Ladakh 
Range is Giirla Mandhata (25,355 feet). There are several gaps in the 
T.a<lakh Range ; one of tliem is travereed by the SuUej ; a second, some 
15 miles wide, is seen south-west of Manasarowar: the third and largest 
is a gap 65 miles wide, north of Chomo Lhari. which is drained by the Kyang. 
a tributary of the Tsang-po. The Indus river is inextricably connected 
with this range j it first (lows on the northern side of the range lor 120 miles 
from its source, then crosses it to the south near Thangra, do wing W.R.W. 
for nearly 300 miles along the southern flank; it again cuts across the 
range northward just before it is joined by the Shyok river. 

The Zanskar RanHe.—This is really a northerly branch of the 
Himalaya lying hetwfen the Ladakh Range on the north and the Great 
Himalaya on the smith. .\ goo<i part of this range is unexplored tcrrilorj-. 
Its best known peak is Kamct (25,477 feet). It is traversed by the Dras 
and the Zanskar rivers. 'Htcre are several passes over this range, some 
of the well-known ones Ix-ing Dh.anna (IS.OOO feet), Kungri Bingri (IS.OOO 
feet) and Shalslial (I6.20D fcot). 

The Fir PanJaL—Thb forms the southern bounttory of the Kashmir 
valley and extends from Muzaffarabad on the Jhclum to Kishtwar on the 
Chenab and further east. The high central part is 00 miles long, with peaks 
rising to over 14.000 feet. 

THE ItlM.VLAYAS PROPER 

The Himalayas can be dirided longitudinally into four aones^ paraUel 
to each other :■— 

1. The Siwatik foot-hills, 5 to 30 miles wide, whose altitude 
rarely exceeds 3,000 feel. This region is generally covered with a damp 
and unhealthy forest. The rainfall varies Ndween 50 inches in the west 
to 100 inches in the east. 

2. The I/esser Hlmatayan Zone, 40 to 50 miles wide and of an 
average altitude of about 10.000 feet. This corcsists of parallel ranges in 
Kepal and (hrajab but of scattered mountains in Kumaon. In this are 
found remnants of the fringes of the old Gondwanaland. The sone between 
5,000 and 8.000 feet is covered by evergreen and oak forests and that 
between 0,000 to 10,000 feet by coniferous forests. In the lower slops 
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l] 1KTKODUCTIO?» AND PHTSICAL GEOL04^Y J3 * 

4 iiie found magnificcTit forests of chir [PiViris deodar (Ctdrus 

droda/a], the blue pine [Ptnus ex€eha]f oaks and ma^olias, whereas above 
iS.QOO feet arc found birch, spruce, silver hr and other spceica. 

3. The Great Himalaya or Central Himalaya, cojuprising the 
ione of high ^ow-capped peaks whicli are about 80 or 90 miles from the 
edge of the plaiiis. This zone sliows both sedimentary and old meta¬ 
morphosed rocks which have been intnided by large mass^ of granite, 
probably of different ages. This consists of a lower, alpine zone up to 
16,000 feet and an upper* snow-bound zone usually above 15,000 to 17,000 
^cct. The alpine zone contains rhododendrons, trees with crooked and 
twisted stems, thick shrubs Avith a variety of beautiful flow era, and grass, 

4. The Traus-Himalayan Zone, about 25 miles in Avidth* con¬ 
taining the Alley's of the rivers rising behind the Great Himalayas, These 
river basins are at an altitude of 12,000 to 14,000 feet and consist of rocks 
of the geosymclinal or Tibetan facies. 

In the Danceling-Xcpal region, the Hiuiidayas have an Ev-W, trend. 
Further to the east, they have an E.N.E. or N.E. course, while to the west 
of Nepal they hrst have a tvcst-north-w'csterly course and then a north¬ 
westerly course,^ The main range throAvs off minor ranges (all on the 
convex side, except in one case) which first proceed in the original difcction 
of the main mnge at the point of branching but gradiiially swing parallel 
to the main range. The best knoum of these are the Nag Tihba, the Maha- 
bharat and Uhauladhar ranges in Nepal and U.P. and the Pir Panjnl in 
Punjab and Kashmir* 

REGIONAL DESCRH^TfON OF THE HIM:VL.\Y.1S 

The HimaJa^-ns liave abo been divided by Sir Sidney Burrard into 
four transverse regions, the Assam, Nepal, Kumaon and Punjab 
Himaliyas. 

The Assam Himalaya is the portion between tlie pt^ak Namcha 
BaTAA-a [25,445 feet) in the Mishnn country VAhere the Tsang-po (Brahma¬ 
putra) makes a sharp bend to cut across the mountains, and the Tista 
liver, and ts 450 miles long. The Kula Kangri group of peaks (24,7M feet) 
and Chomo IJiari {23,997 feet) occur in this portion. Tfic Himala™ ate 
fcnoAvn to continue beyond Namcha BarAva bul though that pottion of the 
countrv^ h little knowm, geological and structural ol>servatiorYS indicate 
that they execute a very shai^i bend and turn southward to form the fiorder 
ranges betw^een Assam and Burma. The Assam Himalaya rises %^cry 
rapidly from the plains, the foothills region bring narrow and the Sub- 
Himalayas comparatively lower in altitude than in other areasw 
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The A$$ain iJiinalaya is gieogtaphiciUy divided into ^^hort segments 
named after the tnh^ inhabiting them. These are the Aka hills between 
the Dhansiri and Dikrai rivers ; the Daphk hitk between the Ehaireli 
on the west and the Ranganad on the oast ; the Mtit hills north of the 
Lakhimpur district ' the Abor hills Ixrtween the Siom on the west and the 
Dibang on the east ; and the Mislimi hills between the Dibang and the 
Dihang (Brahmaputra), Our knowlerige of the A^am Himiilaya is v-er^- 
meagrt% having been derived imm a few traverses made in conjunetiDn 
with militaiy^ expeditions. 

The Nepal Himalaya (500 miles long) is the portion between the 
Tista on the east and the Kali on the west and is croviTLed by the peaks of 
Kanchenjunga (28J46 feet), Everest (29,002 feet)p Makalu {27 ieet), 
Annapurna (26,492 feet), Gosainthan (26,291 feet) and Dhaulagiri (26.795 
feet). It throws off a branch near DhaiUagiri, 

The Eumaon Himalaya, 200 miles Jong, is limited by the Sutlej 
liver on the west. The best known peaks here are Nanda Devi (25,645 
feet), Badrinath (23,190 feet). Kedanialh (22.770 feet), TrkuJ {23,360 feet), 
Mana (23,862 feet), Gangotri (21,700 feet) and Jaonli or Shivling (21,760 
feet), Die southerly birurcatlon here becomes the Dhanladhar Range. 
It is in the Gangotri region that the Bhagirathi river, whkii is the ultimate 
Source of the sacred Ganga (Ganges)^ rises in the Gangotri glacier. 

The Punjab Hlmulnya, 350 miles long^ is the portion betTw^ecn ihe 
Sutlp] and the Indus, Die Sutlej cuts across the llimalay'a where it shows 
a marki^ cuiv^ture, A southerly branch, the Pit I^njaJ, is also given off 
in thk part, 'The main range carries few {leiiks exceeding 20,000 feet. 
The Zc] i-La pass over this is only 11,300 feet high. The northern slopes 
of the range are bare and show plains with lakes, while the southern slopes 
are rugged and forest-clad. The Punjab lltmalay'a is not cut across by 
any river. Topographically it Culminates m the Indus valley just beyond 
Nanga Parbat (26,620 feet), but geologiraJly and stmcttiraHy it makes a 
sharp southerly bend aud, travefsifig Ifarara, apparently merges into the 
Safed Koh range. 


THE BALUCHISTAN ARC 

llic ranges corresponding to tlie Himalayas and their foothills are to 
be found in the Black Mountains of Hazara, the KaU Chitta and Margala 
hms^ the Sait RangCp the Sulaiman Range, Bugti and Mari lulls, Kirthax 
Range and the 31ekran Ranges, the last sw-eeping westwards into the 
mountains of South Iran, 

The northernmost ranges of this art; start from the Hindu Kush 
mountains and proceed through Chit nil and Sw^at. Further south are 
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ihu Atiilmiaiiil hills while south of the Kliyb<:r af«^ the hills of Tirah 
inhiibitec] by the Afridi tribes. The SafevL Koh RiUige braJiches off from 
the northern cud of this area. Further south are the hills of Waziristan 
which merge into the Sulaimati Range part of which traverses the Kuhat 
district. The Kala Chitta—Margala hills md the Salt Range join the 
Siiiaiman Kaugc from the east. The Kohat hills are associated with the 
curving hilts of Sfaidan, Khasor and Marwat Ranges to the west of the 
Indus opposite the Salt Hanger 

The Sulaiman l^ange runs from the Gumal river to Quetta in a large 
loop. The inner ranges of this loop are the BugtL and Mari hilU. South 
of Quetta are the Kirthar and Laki hills. The former, composed of several 
parallel ridges, form the boundary between J^ind and Baluchistan. One of 
these stn'tehes straight on to Cape Monze. The highest point in the 
Kirthar Ranges is Mt. Zardac (7,450 f<st). The Liki hills may be ooiLsidered 
as merely an offshoot of the Kirthar hills, being the easternmost ridge 
bordering on the Indus plains, and temiinatitig at Schwan on the fndtis. 
To the of the Kirthar hills are the ranges of the Brahni and Mekran, 
the latter turning westwards in a broad curve and proceeding into Soiitheni 
tran. 

The KLrthuJS thcnaselves apparaitly cemtinue into the Arabian Sea 
and turn parallel to the ^fekran Ranges. They are thought to connect 
with the coastal ranges of Oman in Arabia. 


THE BURMESE ARC 

At the north-eastern extremity of the Himalayas, a little beyond the 
peak Namcha Barwa, the geological formatioEW turn sharply southw-ards 
and form the conspicuous arc forming the liorder of India and Burma, 
continuing into the Andaman and Nicobar islands and the Indont^ian 
Archipelago. The Burmese arc on the Indo-Bnima border is an area al>out 
which very little is known except for the meagre in formation obtained 
from a few traverses. It ts composed of the Patkoi. Naga. Manipur, 
Liishai, Chin. Arakan and other ranges. The Median Tertiary belt of 
Burma l>irig to the east of these ranges corresponds to the Tertiary zone 
of Baluchistan, while the zone of the Shan plateau, with its ancient and 
Palax>zoic mcks. is a foreign element beyond the original Tcthyan zone, 
and belongs to Soulh-ea,st Asuu 


GLACIERS 

Snow-Line nnd limit of Glaciers.—Tbr snuwdinc ’ or tile lowest 
limit of perpetual snow and ke is at different ultituiles in different parts 
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of tii-e Himaliiyajs and associabeci ranges* In the A&^am Hiinala;ya, the 
snow line is at about £4,500 feet or higher, whereas in the Kashmir Himalaya 
it varies from 17*000 to 19,000 feet* Thk h probably dtie to the scantine^ 
of moisture in the region of the north-western Himalaya and Tibet* It is 
an interesting fact that In ail the ranges north of the Gi^t Himalayas, 
the snow line Is at a higher elevation on the southons than on the nart^ni 
slopes, because the sun's ra>^ affect the southern slopes more than the 
nortbem* But the reverse is the case in the Great Himalayas since the 
southern slope receives much greater precipitation than the northern and 
is also steeper, the slope helping the gliding dow^n of the ioe quickly to 
low levels. The glaciers also descend to- longer levels in the Punjab Himalaya 
than in the Assam Himala 3 ^ : this is due partly to the lower latitude and 
greater condensation of atmospheric moisture as rain frather than snow) 
in the Assam Himalaya. 

The glaciers are now oouhned to the higher ranges. The more un- 
portant ones are v-alk^'-glaelers flowing through loogitudmal valleys* and 
having large dimensions. The hanging glaciers along short transverse 
valleys are less important and more affected by variations of temperature,, 
seasonal snov^Tall, etc. 

The follow ing glaciers may he meiitionod as important : — 


Table I—Length of Isipohtant Glaceebs 


Kamc 


1 IjDcatwm 

' ]>nKth 
mil^ 

FtfdichcJiko 


Tnin^AIai ,^* 

4a 

SiachpQ 


Karakdrant 

' 45 

Kisnir 

Biiifa 


1^. 

! 38 

4.r 

Do- 

1 5^ 

Baltoro 


f3o. 

^ Til 

BatytA 


Do, 

56 

Rtmp 


PuDjab lUDUiULya j 

25 

PunnmJj 

,tt 

Do. 1 

17 

Ifujul 

^4,, 1 

Do. I 

to 

Diafuir 


Do, 

7 

Sosaptmi 


Do. 

7 

Gan^titri 


Kumaoa HimAbya 

L6 

MiUm 


Do. 

10 

Kou 


Do, 

7 



I>fi. 

9 



Himalaya : 

16 

KanchenjuDga. 

Do* 

10 


The glaciers of the Hioiatayas and Central ,Vsia have been studied 
by the Geological Sur^'ey of India as well as by many eNplorars, among 
whom may be mentioned Montgomcne, Conway^ LongstafTp De Fiiippr^ 
I’lsscr, DaineUi and others* 
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Many ol tlie HimaEayan glaciers are muich ^iinalli^r than those 
above, being generally 2 to 5 mile^ long. In I he largest gladers the thick¬ 
ness of ice amonnts to hundreds of fe<*| Fcdchcnko LSOO feet ; Zemn 
600 feel : Baltom 400 feet. The hangtng and transverse vallej^ glaciers 
lire small and have a more rapid iiiovement than the longitudinal valley 
glaciers. The daily movement varies from 1 inch to 3 feet and rarely 
higher* depending on the topography. 

The Himalayan glaciers are dtfiniteh' receding grachiallj^ In many 
of theni large amounts of moraine inateriai cover the icc near the snout. 
During the summer they melt and the ^\^ator escapes througli cre\"asses 
forming englacial stix-ams issuing out of titnnel-like caves. 

The Himalayan rivers anti tlunr tributaries are to a large extent fed 
by glaciers. TJicy ahio receive adluents and important streams Iravomng 
the Sub-Hinialayan region. The larger, snow-fed rivers are often full in 
the latter |>art of the summer because of the water contributed by meltipg 
snow and ice nt their hnJ^d-waters. Rains in the Sub-Himala™ alsO' 
contribute ti> the waters of these rivers. 

The present glaciers are mere remnants of the ottensive glaciation of 
the Pleistocene period when very htrge areas of the mountainous tract 
must have been covered by snow and ice. Terminal moraines are found 
at as low^ altitudes as 6,000 feet in the region of the Ij?sser HinialayaSp 
Krratks or large boulders,, brought down from the mountains over long 
distances, are found in the plains of the l^njab far from the source of the 
nDcks, These and other giadal features such as flnvlaglacial deposits and 
moraine-filled glacial lakes suggest that the Pieistcicciie glaciation coh ered 
very large areas in the Himalayas and e,\tended to v^ry low altitudes. 


RIVHKS 

Rivers of the Pertinaula 

There are numerous rivers traversing the [iidian IVninsiila, the more 
unpurtant ont^ being the Damadar, SulhtmarekliL^, Brahmani, .Mahanadi. 
Godavari. Krishiui, Penner* Cauverv^ and Tambrapanti. which Bow into 
the Hay of Bengal, while the Xarmada and the Tapi flow into the Arabian 
Sea. The Hanas. Lunk Chambal, Sind, Betwu, Southern Tons. Ken and 
the Sone are Peninsular rivers of X^orthem India belonging to the Ganges 
sj-stem Avhile there ate also a few’ others rising in Centnd India and the 
Aravallis and flowing into the Ranii of Kutch or tlie Gulf of Cambay. 

Most of the Peninsular Rivers can be said to have arched a rnature 
state of development, particularly in the lower portions of their vaHeys.. 
The larger rivers have built up Deltas at their mouths but delta formatloa 
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13 prevented Ln the case of Uie smaller rivers by the strong ocean currents 
which flow along the coasts. In the Western Ghats the rivers stili show an 
early stage of development probably because tliere nmy have been an 
upward tilt as well as an uplift of the western i>art of the Peninsula in the 
Tertiary* era, as indicated by the presence of Upper Tertiar>' rEicfcs along the 
Tvestem coast which were laid down i.vhcn Ihc western coast was fauUed 
dow'Ti in early Miocene. 

The Damodar rises in the Chota Nagpur plateau near Tori in the 
Palamau district of Bihar* Its tributaries are the Garhi, Konar, Jamunia 
and the Karakar. It becomes a large river after its confluc-ncc with the 
Bamkar. It joins the Hoogbly after a connse of nearly 370 miles, a few 
miles below Calcutta. 

The Subarnarekha rises a little to ihe sonth-west of Kanchi, and 
flows in a geneml easterly direction through Singhbhum, Majmrbhanj and 
Midna|.Tore districts. It Is about JOO miles long and drains an area of 
about 11,000 sq* miles. 

The Erahmanl, which is formed by the confluence of the Koel and 
Sankh which join together near Panposh and Ronrkcla in Gangpur, flows 
tlirough Bonai, Talchcr and Balusore districts, and is finally joined by the 
Baitarani River before it enters the Bay of Bengal. Its total length is 
about 260 miles. 

The Mnhanadi rises near Sihaw'a in the Raipur district in Madhya 
Pradesh* It flow's towards the north-east, and after being joined by the 
fieonath, tums to the cast and then south-east. It is a large river at 
^iambalpur below which it flows through the Eastern Ghats, entering the 
sea through several channels in its own dclta^ Its total length is 550 miles, 
and the area of its drainage basin 44,000 sq, miles. 

The Godavari is the largest river of the Peninsula. It has a total 
length of 900 miles and its drainage basin covers 112.000 sq. miles. It 
fiscs in the Western Ghats in the Nasik district and on its way receives 
several important tributaries including the Puma, Maner, Pranhita (Wardha 
and Wainganga), Indmvati, Tal, and Sabaii* A large part of the area 
through w hich it flow's is densely forested^ tts passage through the Eastern 
Ghats U through a picturesque gorge shove PoJavarain^ w here it is proposed 
to buiki a high dam. It is 9^000 feet wide at Rajahmundr^^ below which 
it splits up into several branches W'hkh liave formed a large delta. 

The Krishna rises near Mahabaleshwar in the Western Ghats, Its 
length is 800 miles and its drainage basin about 100,OCO sq. miles. Its 
chief tributaries are the Ko>m^ Ghatprabba, Malprabba, Bhima and 
Tungabbadra. It flows through Southern Bombay and Hyderabad and 
then forms the boundary between the latter and the Andhra State. Its 
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delta commcnciis a little below Beawada {Yij ayawada}^ Its largest tribtiUry ^ 
the Tungabhadra^ composed of the Tonga and Bhadra Rivers whi^ 
rise in northweslcni Mysore and join just below Shimoga in M 3 *‘sore+ On its 
banks near llospet aoe the mins of Jlampi, the capital of tlie once great 
ATjayiWiagar Xingdonn The Tungabhadra joins the Krishna River near 
Knmooi town after a course of nearly' 400 miles from the sources in Mv-sore, 

Tho Peoner rises in the KoLir district of M 3 rsorc, its chief tributaries 
being the Chitnivati and the Papaghni, ft 0ows through a gorge of 
Ciiddapah quartzites near Candikota in the Cuddapah district. It enters 
the sea near Nellore Towm and has no delta w^orth the name. 

The Cauvery (Kaveri] rises in Coorg and flows across the Mv'sore 
plateau before reaching the plains. Its total length is 475 miles, and 
Its drainii^e basin is 2S.Q00 sq, miles in area. Its chid tributaries are the 
Bhavani^ Nojil and the AmaiaVatin It is a comiiarativcly sniall river 
in Mysore and its descent from the plateau is marked by a few cascades 
and falls. At tbe head of its considerable and fertile delta is the city of 
Tridiinopoly ; wdiile at its moutli once stood, several centuries ago» the 
flotirishbig port of Kaveri-pumpattinam the ruins of wludi now lie buried 
in alluvium. 

The Tambrupamli the river of the Tinnevelly district, rises on the 
slopes of Agastyamalai in the Western Ghats, and flows into the Gulf of 
Mannar. Five miles inland from its present mouth are the remnants of 
Korkai which was at Ode time the capital of the Pand^-a Kingdom nnd a 
great seaport. At a later date its place as a sea^port was taken by Kniyal- 
patnam, which wus visited by Marto Polo during his vo\'ages. 

The Nurmada ris^ on the w^estem flanks of the Amarkantak plateau 
at about 22® 4Q' : 81"* 45' m Rewa, the actual source being a small pond 
surrounded by a group of temples. It flows alongside Ramnag^u and 
Mandia as a deep placid stream and then turns towards Jabalpur w here it 
cascades dow^i, through marble rocks, to a depth of 3(1 feet forming the 
well-known Dhuandhara Falls. Prom Jabalpur w'cstwMids it for 

200 miles between the Vindhya and Satpura mountains. After ^sassing 
Handia and Punasa it enters the iUluvial plains of Indore. Below' Broach, 
it widens into a l7-milc broad estuary and enters the Gulf of Camha^^ 
The total length of the river k 80D miles and the dminage basin about 
36,000 sq. mites. 

The Tupl ffapti) rises on a plateau in tlieSatputus at 3P^ 48' ^ 78® I5^ 
It flows through the l^tul district and Bcrar, part of its valley being very 
narrow and overhung by steep clifls. It Is joined by the Parna tiibutaiy 
just before entering Khandesh. The last fsttirt of the course is through the 
plaixLs of ^urat. The total length of the river is only 435 miJeSj the Last 
30 miles of which are tidal. 
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The Luni {Lavana™) rises in the Aravalli^ to the south-west ot Ajmer. 
ani3 flows through a semi-arid tract more or less panilld to and west of 
the Its length is 300 miles, ending in the Sahni niars^ north 

of the Rann of Kutch. There are several trihutaries, including the SarsutL 
which rises from the l^ishkar Lake. The river contains water only during 
the niins. The water is siveet only down to Balotra a few^ tnilcs from Pach- 
bhadra lake, but becomes increasbgly saline therealtet. Its waters arc 
conserved by means ol several dams of which the largest is ncarBilara, 

The Banaa rises north-west of Mt- Abu and flows through Falanput 
into the Little Rann after a course of 170 milts. 

The ■Saharmati rises in the Mew^ar hills and enters the sea at the head 
of the Gulf of Cambay after a course of 200 miles. Its major tributaries 
are the Sabar and the Hathmati coming from idar and MH-^hikantha res¬ 
pect! wly* 

The Mahi rises in Gwahor and flavi'S through Ohar, Jhabua, Ratlam 
and Gujarat into the Gulf of Cambay, ft is 350 miles long, the last 40 miles 
being tidal. 

Notes on the other rivc»^ of.the Peninsula, which flow into the Ganges 
in the plains of Uttar Pradesh and Bihar, will be found under Bic Ganges 
river system* 


WATERl-ALLS 

There are numerous waterfalls in the Western Ghats, many of them 
small, only 20 or 30 feet high and generally found m the courses of the 
^vesterly flowing streams. The Jog faih (Gersoppa) on the Shamvati 
river on the borders of M}’sore and Bombay comprise four magnificent 
falls called Raja, Rocket, Roarer and Dame Hlanche arranged on a cime 
and having a sdieer drop of 850 feet. The Sivasamndram fails on the 
Caus-eryH a scrips! of cascades about 300 feet high, arc well-known rince 
they wem the first falls in India to be harnessed for power. The lykam 
falls in the Kilgim are a series of cascades w hich have recently b&en utilised 
for hydroelectric power. The Gokak folk (ISO feet) on the Gokak river 
are near Eelgaiim. The Yfttna falh near Mahahaleshwar have a drop of 
600 feet. 

Tlie southtTn Tons [Tamasa) leaves the \'indhyan plateau in a scries 
of beautiful waterfalls the best know'n of which is the Bt^kar fall which 
when in flood presents a solid sheet of water 600 feet wide and 370 feet high. 
There are several cascades in the course of the Chambal above Kotah, the 
largest being 60 feet high. Various cascades and waterfalls mark the 
-course of the Sone and the Eetwa, particularly where they pass the 
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Vindhyan sanclstctics. 'fhii Dhuandkara /alh in tlic wcll-kiiown Marble 
Rocks near Jabalpur,^ though only 30 feet high^ are vciy pkturesgue 
and wclJ-known. Two other faJl5 in this Kvct, each 40 ftet high arc found 
nciLir 3faiidhar and t^nnosn^ The Kmhna river during the hoods is a rushing 
torrent descending some 410 feet within a horizontaJ distance of 3 miles 
near Echampet in Raichnr district, Hyderabad^ The waters fonn a scries 
of cascades over granite ledges and are churned into hiige clouds of spray, 
jiroviding a wondefllil sight. 

The Western Ghats lomi the major watershed ot the Peninsula but 
thi‘ Vindhyan plateati in the north acts as another watershed which se¬ 
parates the GaJige& basin from the Peninsula^ The rivers in the Western 
<!«hats show' a comparatively early stage of des-clopment marked by cas¬ 
cades and w'aterfalls, hnt in the plains they show maturity of development. 
TJiis IS thoiight to be due to the rejav^enation of the Ghats b^^ an upward 
tilt connected in some way with the faulting of the Arabian Sea Coast, 
imd probably also by block iiplift of the region during the Middle Tertiar}', 

The larger rivers flowing into the Bay of Bengal have buLJt up deltas 
but the smaller ones do not bring in enough sediments to resist the remoA'al 
by the prevalent coastal currents. Those llowing into the Arabian sea 
are short and do not contribute much sediment to be able to form deltas^ 
The Xarmada and Tapi are the only large rivers to flow westwards though 
rising in the central part of India. Their courses are dcterminetl by a 
rift or fault zone and contain a large thickness of Pleistocene and recent 
alluvium. There is evidence that the Narmada formerly flowed more 
tow^ards the south-west in Kandesh and was joined by the Tapi, The 
courses of these two rivers are now separate. The absence of an extensive 
delta at their mouths is due to the fact that the sediments brought hy 
them arc remov'ed by the strong S.W. JTionsoon currents partly to silt up 
the Gulf of Cambay and partly to spread os'cr the w'ide continental shelf 
in front of the Bombay coast* 


Extna'Pcninsular Rivers 

Between Hazara in the north-west and the Chin^^ Frontier in the 
norih-castp the Himalayas give rise to some 20 important rivers, 
rise from the Great Himalaya# Karakoram, Ladakh, Zanskar^ Kailas and 
Trans-Himnlayaranges and ultimately join together to form the three great 
m'er systems of the Indus, Ganges and Brahmaputra, after cutting through 
the mountains. The head-streams are generally snow fel from the great 
glaciers of these mountains and have precipitous and picturesque courses. 
It is remarkable that though the Indus, Sutlej and Tsang-po rise in the 
Mount Kailas neighbour IiockI they flow in very different directions to 
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reach the They are desetibe^t here hriefly and the reader may 

obtain much mteresting inlnmiatioii on them froni the work of Binrard 
and Ftayden. 


Tl\K rXDUS SY^STEM 

The JnduH ^Sariskrit : Sindhii^ is the westeriunost of the Himalayan 
rivers and its Sanskrit name, whieh ajso means the sea, is perhaps in alluE^ion 
to its vast size xvhen in hood* it is also possthk that a larigc part of its 
pr^isent delta in Sind and southwestern I^injab was, dnring the Vedic 
times, an arm of the Sea or a broad estua^>^ which was gradually filled up 
and became dry Lind only in recent centuries. It is. one of the mJ|;htiest 
rivets of the world, draining the glaciers and mountain slopes of many 
famous peaks like Aling Kangri (24,000 feet), Tirich Mir [25,230 feet), 
Gasherbrunt (26^470 feet), Masherbrum (25,660). K2 (28,250 feet), Raka- 
poshi (25,550 feet), Nanga Parbat (26,620 feet), etc. and receiving a galaxy 
of great rivers as its tributaries* It has a total length of over 1,800 miles 
and the drainage basin is estimated to hav^e an area of 575,000 Sf|. miles. 
Its nanre in Tibet is Singt Kftambah (Lion's month) which is also the name 
of the original northern tributary at the source, at an altitude of 16.941 
feet in a glacier near Bokhar Chu (31° 15* : 8r 40') in the Trans-Himalaya. 
Range north-east of Mt. Kailas (22,028 feety Tlie southern tributary 
wMck also rises in this region is called Gortan^ Chu. It flow's for about 
ISO ndles over a fhit country' along the inner [northern) flank of the Ladakh 
Range. Then it cuts across that Range at Thangra and flows along the 
outer flank for another 500 mUcs. Kear Skardu (altitude S,900 feet) it 
cuts the Ladakh Range again, resuming the general trend of its course on 
tbc other side. After circling round the Nanga Pari>at (26,620 feet) it 
flow’s south-west through Hazara towards the pkiins uf the Punjab. The 
exit of the Indus from the main Himalayan range is through a comparatively 
broad valley in contrast with the great gorge of the Brtihmaputra at the 
other end in Assam. 

The chief tributaries of the Indus arc the Kmskar w'bich rises on the 
Zanskar Range, cuts through it and joins below Leh ; the Dras Ewr which 
comes from the northern side of Zojila Pass and the plains of Deosai : the 
5J^yoJt which rises on the northern side of tin? Karakoram Range and cuts 
across to the south and joins the Indus near Kiris ; the ShigM which 
drains the southern slopes of K* and the Biafo and Baltoro glaciers ; the 
Gilgit (with its Hunza tributary) which rises behind and cuts through the 
Karakoram range. 

The Indus is a large river over 500 feet w'ide and 10 feet deep at Skardu^ 
even in w’inter* It passes through Gut bi Chitral, and then traverses 120 
miles of the wild territory of Kohistan. entering the N.W^ Frontier Province 
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near Darband. At At lock, «60 miles from the source ajid 540 miles from 
the moutli, it receives the Kabul tributary flowing in from Afghanistan 
and then flows due south. Here the bed of the Indus is 2,000 feet above 
the sea level and its width varies from J 00 to 250 yards accordidg to the 
season. Below Attock, the Harolt and Sohaii (Soan] rivers iom the Indus. 
At the donfliienct of the Punjab rivers near Mithankot it Is 600 yards wide 
and its normal discharge is about 25,000 cusecs which increases in flood 
time to about a million cusecs. This confluence is 230 feet above sea 
level and 490 mdes from tlie sea. The river sometimes rises as miicli as 
20 or 22 feet in floods. The delta, which is 3,000 sq. miles in e.'itcnt, contains 
several old clianueU and is entirely fiat with practically no large trees. 

The main channel of the river fonncrly flowed dowm the middle of 
the Thai. In ! 800, the Indus divided into two streams at the head of the 
delta. In 1819, one of the channels (the Khedewari) was closed as a result 
of an earthquake. Its channels have been shifting every few years and 
many towns which once flourished in its banks e.g.. Ghombari, Keti. Bhiman- 
jopura. have been abandoned. In fact, practically the whole of its course 
below Attock, except small stretches near Sukkur and Kotri, changes from 
time to time. The frequent and recurring floods, such as those of 1333 and 
1858. cause much havoc. The barrage at Sukkur which was opened in 
1932 has contributed much to the conservation of the waters and their 
dUtribution by a canal system which commands more than two million 
acres of cultivated land. 

The Jhelum (Sanskrit t t rises in a spring ol deep blue water 

nt Seshanag at the head of its Lidar tributary. It flows for 70 miles in a 
north-w'est direction when it enters the Widar Lake, Its basin here lies 
between the Great Himalayan Range and the Pir Panjal Below Srinagar 
it is joined by the Sind River. From Baramuk it flows through a narrow 
defile known as Basmangal, T.fXXJ feet deep with very steep sides. At 
Uri. below this defile, it runs parallel to the Pir Panjal to 5Iu;affarabad 
where it is joined by the Kishenganga which drains Hazara. After emerging 
from Jammu it flows past Pind Dadankhan and Bhera and is joirfd by tlie 
Ghenab at Trimmu, the total length of the river being 450 miles. The 
jhelum is an important river in Kashmir for it is the main water-way and 
fosters much tr:irie. 

The Chenub (Sanskrit : .-IriAjii or Chandhthhagu ); The two tribu¬ 
taries of this river at the source are the Chandra and Bh.iga which rise on 
the opposite sides of Baratacha Pass [16.000 feet) in Lahaul. The Chandra 
is a stream of good sisie though it flows through a snow^lad barren unin¬ 
habited country. The Bhagn is a precipitous stream. They' join at Tandi 
and then Bow through Chamba State in a north-westerly direction for 
100 miles in the trough between the Great Himalaya and tlw Pir Panjal, 
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OH th€? s^nni alignment as the Jkeliiiii in tlM^ Ktisihiiiii' \ alley, Dc 
stated that there is evidence that the Jlieliiin originally flow^ in a south¬ 
east direction (reverse to the present dtreclion) into the Chenab valley,. 
Thl^ is supported by the fact that several of the present tributaries of the 
Jhelum join it in a direction opposite to (tie present course. Moreo\-er. 
the Chenab valley sbo'hvs greater maturity of topography than the Jhelum 
valley, and is eA-idently older in age than the latest uplift of the BLmalayas 
in Pleistocene, The Chenab makes a very sharp knee-bend at Rishtwar 
(similar to that of the Kishenganga at Shard!, the Indus at Biiiiji. the 
jheliiin at Wular and the Ra^d at Chamba) and Hovi's across the Pir Panjal 
through a fine gorge. It leaves the Himalayas at Akhnur, 180 miles below 
Kishtwar and 400 miles from the sources, the average gradient being 26 feet 
per mile, nicre is evidence that the Chenab flowed to the east of Multan 
before 1245 A.P. The Beas then occupietl its old betl passing by Dipatpur, 
The fhelunu Chenab and Ravi met to the north-east of ftfnltan and after 
flowii'^g east of that place joined the Bens ultimately near Uch, 2K miles 
south of Multan, liy 13^7 A.D., the Chenab had changed its course 
the present one which is to the west of Multan, 

The Ravi (Haitskriit : FfirifsAin' or Irsvaii], thouglt the snudlest river 
of the Punjab, is wdl-knovvn as the river of Lahore, It rwes in the moun¬ 
tains of the Bangahal basin draining the northern slopes of the Dhaujadhar 
Range and the southern slopes of Pir Panjal. U leaves the basin through 
an inaccessible gorge with |>crpendicular sides arid flow's tlirough ('hamba 
State in a north-westerly direction parallel to the Dhaiiladhar Range 
cutting through that range a few miles to the north-west of Dalhousie, 
It leaves the mountains at Itasaoli after a cotiise of 130 miles during which 
it drops to L‘J.000 feet In altitude (115 feet per mtleh It finally joins thi- 
Chenab at 30 3P : 71' 5P, the tot^il length up to this junction being 450 
miles. 

The Bean (Sanskrit : Vipasd nr rises on the southern face 

of the RohLang l-ass in Kulu not far from the source of the Ravi* Barely 
six miles from its source it passes through a gorge at Koli, which is a chasm 
barely 20 feet wide and 300 yards long* It cuts through tire Dhauladbar 
Range by another gorge near Laqi* and (lien flow through Kulu, Mandi 
and Kaugra, ft hnaJly passes through Kapurtliala and .Amritsar and 
joins the Sutlej in the south-west comer of Kapurthala after a total Icfigth 
of 290 miles. The old couree of the Beas cart be traced from its present 
junction with the Sutlej through the Lahore and Montgomery districts to 
w'here it originally used to join the Chenab near Shujabad before the Chenab 
turned westivards. 

The Sutlej [Sajiskrit: Sutadru or Saiudri} rises near the Manasarowar 
Lake at a height of 15.200 feet. According to Swami PianavaTiaiida, ite 
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nanve in Tibet is Lanyehen Khamh^b and it rises in Hu: glacial springs of 
Dulchii Kliiinihab, 22 miles west of Parkba which is an important trading 
-centre between Kailas and Manasanowar. In Tibet it has a ver^' narrow 
basin botw'Ceti the Gin River on the east and the Beas on the west whose 
beds arc^ however, at an elc\'ation[ of 600 to 700 feet above Hie level ot 
the Sutlej. It is vevy likel)' that the stream whicti |>cTiiKiicalJy iiows con¬ 
necting the Manasarowar and Rakshas Lakes is coimected with the Sutlej 
underground. The river also receives waters from the southern glaciers 
of >!t. Kailas and the northeni glaciers of Mt. Kainet, The pv?ik Riwo 
Phargynl is in its basin, 

h'rom Rakshas Lake to Shlpki, tlio Sutlej flows north-westwarcis 
through the Province of Ngari Khorsum which is at on elevation of i4.000— 
15.000 feet above sea level, 1 he valley here is filled with thick recent 
alluvium and gravels. In this region the Sutlej has cut a deep and extra- 
•cnlinary canyon w'hich is 3,000 feet deep in places and bears comparison 
with the Grand Canyon of Colorado. ;Vs this region is dry, it has not 
been subjectetl to erosion and snioothening by water. It is joined by a 
few tributxu'ies which have also ait steep-sided canyons through which 
they flow^ It cuts through the Xanskar Range near Shifiki, barely 41 miles 
from the Peak of Riwo l^harg>Trl (22.210 feet), the herl lacing at an elevation 
of 10,000 feet above swi level. Ten miles helo^v Shlpki, the right bank 
of the Sutlej rises as a perpi^ndicular wall of rfick to a height of 5.000 to 
7,000 feet from the river bed- 

The main tributary of the Sutlej is the Spiti River whkJi drains a huge 
area beyond the Central Himalayan Sang^, k has also cut deep into 
the rocks of the country of Knin and Himachal Pradesh through which 
it flows. From the junction with the Spiti River in Katiaiir (Bashahr), 
the Sutlej is a rushing torrent right dowm to the plains, for it descends 
through an elevation of something like 8,000 feet in this stretch, wdth 
an average fall of 30 to 35 feet per mile. There are several river terraces 
in this region which show that originally there were some lakes along the 
course of the river. The Sutlej crosses the Dhauladhar Range mvar Rampnr 
through a nairovv gorge. It is deflectwl several times in its course by the 
Stwalik Ranges and leaves them at Rupir. The river joins the Beas in 
the sonth-tvest comer or Kapurthala and the combined river joins the 
Tfidus near Mithankot. The total length of the Sutlej Is about 900 miles. 
It Ls known that formerly, before the I |th Century^ it did not join the Indus 
system, bat flowed into the Sarasrati (Hakra or Ghaggar) in Bikiner 
through one or more of its several old channels. The oldest was the old 
Sirbind channel between Sirsa and Bhatnair and the later ones the three 
NaiivaJs. From Sii^a the channel can be traced back to Ibhana and 
thence indistinctly to Riipar. 
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THE SA ISAS VAT I 

Thti Sanisvati rises in the Si^vaJik hilts of Sirmiir on the borders of the 
AmbaLi district in the region of the junction of the talus fans qf the Yanmna 
on the east and the Smtiej an the w^t, and enters the plains at Adhbadri. 
It disap|>fciis Ln the sands after passing by Bhawanipur and Balchliapar 
but renpL>eaTS after a short distance, flowing through KaniaL The Gkiggar 
which also rises in the same region (near ^0" 4' : 77^ 17') joins it at Rasula 
in Patiala after a course of 1 JO miles. Further on, the river is called the 
Hafcni or Sotar whose dry bed is of oonsidenibic size and must have once 
contained a large river. It is lost in the sands near Hanumangarh (Bhat- 
nair) in Bikaner. Near Bhalnatr, it is joincti by the Chilrang (also mostly 
dry) from the east ; this stream wtuch can be traced north-eastward 
almost up to the Yamuna, was probablj^ an old channel of the Yamuna 
flowing tow;irds Bikaner to join the Sarasvati. Between Bhatnair and 
Sirsa (a cormpl form of ' Sarasvati") it is joined by the Sirhind or Wah 
which can tK> traced back nearly to Rnpar near which place the Sutlej 
emerges frorn the Himalayan fcrfuthills. This must originally hav'e been 
the main channel of the Sutlej until it was abondoned by that river. There 
are at least three other old channels from the north, all called the Naiwals, 
joining it near Kumtlwala (29^ 33^ 73° 52'), which cam also be traced back 
to the Sutlej, 

The old bed of the Hakra (or Sotar) for over 100 miles in Bikaner 
territory' is 3 to 5 miles wide and consists of dark, rich, loamy soil in marked 
contrast v ith the sandy soil on either side and on both the banks. The 
local people still call this channel the Sarasvati, The vegetation on the 
loamy soil on the banks has prevented the old bed from being overwhelmed 
by the drifting sands from the desert. On both banks of the river there 
are numerous mounds containing abundant evidences of prehistoric and 
early historic settlements. These mounds are small near Hanumangarh 
but larger and fewer near Suratgarh and further west, Tlie rnmands, 
which bav-e been investigated by Sir Aurel Stein and by the officers of the 
Archaeological Snrv^cy of India, have revealed temples, dwelbngs^ potsherds 
and other objects of the Mohenjo-Dafo type (third itiilicnium B,C.) and of 
later pcTiwls. This channel can be ver>' clearly followed through Mirgarh,, 
Dilawur etc,, in Bahawalpiir (where it is known as Hakra or Wabind) into 
the channel of the Eastern Nam in Sind which leatls into the Rann of Kutch, 
This is distinct from, and east of, the old channels of the Indus river, ViTien 
the Saras^Titi was a live river, it must have irrigated an area of perhaps 
o\'er 7,000 sq. miles of what is now practScalb' a desert. 

The Sarasvati has been described in Vedic literature (probably 5,000 B,C. 
or earlier) as a great river—greater even than the Indus and the Ganges 
Between that md the time of Mann and the Mahabharata its upper course 
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hAd dried up, probably because of the easterly diversiDn of the waters o( 
the Yamuna. The lower coui^ in BikanexH Bahawalpiir aiid Sind coiiti- 
niied to be well watered, for jluring the invasioti of Ale.xaiiider of Macedoo 
in the faiirth century B.C. and of the Arabs in tire ninth century A.D.^ 
the Kann of Kiitch \va«i a fairly deep gulf, arid 5hi|^ moved up the river 
into Sind. In Todd's * Annals of Eaiasthan ' it is stated that the Hakra 
in Bikaner became dry for the first time alxmt the year 1044 A.O, 

There seems to be little doubt that the major part of the watera of 
the Sarasvati ^Hakra, Sotar or WahindJ was derived from the Sutlej which 
as Sirhind originally joined it between Hhatnair and Sinsa, and later its 
one of the NaiwaJs near KnrrulwaJa and WuUur, There is historical 
evidence in the writings of the Greeks and the Arabs that the Sutlej was 
not a Punjab river until about 1201} A.D,^ when it aliandoned Us southerly 
course and joined the Bcas. The Beas below this junction is still known 
to the local pimple as the Beas, though Sutlej is undoubtedly the greater 
river* Before that, during the earlier centuries of the Christian era, the 
Beas flowed in si channel now dr^'' and l>ing to the north of the present 
joint course of the Beasr-Sutlej. 

little is known about the details of the geological history of the Sirmur 
region where the Sarosvati and the Ghaggar rise. In view of the fact 
that the Himalayan region has been expericndiig nplift in the Pleistocene 
and perhaps even after man had appeared, it would he interesting to know 
whether the Sarasvati originally derived its waters from the llimidayas 
bej'ond the Siwalik Zone and w hether the old drainage w;ls cut oB by the 
subsequent rise of thi- Siw-alik hills and by other changes. 


THK GANGES SYSTEM 

The term ' Ganges ' is a corrupt form, used by tlie Greek liistorianSp 
of the Sanskrit name * Ganga * by which the river is know n throughout 
India and in the lands w'here Indian civUlsadon had spread* Its dramage 
basin Covers one of the mtist thickly populated regions of the World w'here 
the Indo-Atyan cKdlisation has flourished for many centuries. It comprises 
the Gangis and many important afftnents^ such as the Yamuna (Jamunab 
Kali, Kamali. Ramganga, Gandak and the Kori, all of w hich rise in the 
Himalayas and are mainly s^ow-f^^d. On the side of the Peninsula tlie 
tributaries are the Chambah Betwn, Tons, Ken. Sone etc,, whkh rise from 
the highlands of the central part of India. 

The Gun^es proper is fonned of two tributaries colleil the Bhagiratbi 
and the AJakoanda, The latter is the larger river and is itself formed 
from the confluence of the Dhauli, which rises in the Zanskar Range near 
Niti Pass and receives niimcn>uft streams draining the northern and the 
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western ^slopes of Nancb Devi, and the VisliiRi-Ckinga w^hich rises on Mount 
Kamel ^25.447 feet) behind Badnnath near the Mana Pass. The DhaitlL 
and the Vbhnu-Ganga join teigether at Jusliimath, also called V^ishnu 
Prayag (the word ' Pniyag ' denoting in Sanskrit I lie junction of two 
rivers). The ALaknanda then Rows through a niighly gorge across the 
central HiniaLa)'an range het^veen the peaks Naiida l>evi (25,645 feet) and 
Badrinath (23,190 feeth The Pindar Ki% er, which gathers its waters from 
Xanda Devi and East Trisul (22^320 feet) joins the Alaknanda at Kama 
Prayag^ The Mandakini or Kali Gadga joins it nt Undni IVayag, south of 
Baclnnath and Ke<1amath (22,770 foet). The Xandnkna joins the PiniL^r 
Kivrr at Xanda l*rayag to the west of the Trisul mountain. Tlie junction 
of the Alaknanda and the Bhngirathi is callerl Deva Prayng, to the north 
of the Mussoorie Hills, which the river crosses before jfassing into the ^iwalik 
i^anges of Dehra Uiui and Kardwar. 

The Btuiginthi is accepted traditiraiahy as the original Gaiiga. though, 
as mentioried above, the Alaknanda is the larger river. The actual source 
of the former is in the Gangotri glacier (which is 16 miles long} some distance 
north of Kedamath at a point called Gauniukb (30 56' : 79° at an 
altitude of 12,800 fc«t. The Gangotri slirim; is a fe^v miles down the stream 
from Gatiiniikh, The Bhagirathi joins its western trihutary calleil the 
^Jihliavi soitiG distance to the north of main HimBlayarL range and about 7 
miles bchiw the Gangotri temple. The combined ri%’er then cuts through 
the main lliinaia}^ range between Bandar^mnch (20,720 feet) and Sri- 
kanla (20,120 feet) through a magnificent gorge In which the river lied is 
13,000 feet below the |>eaks on either side (Crieshacli. Mffnoirs. Gj?,/., 
Vol. XXIll, p. 197. IS9I.), This g^rge b said to be a ^itlike oi^enlng in 
the rocks with practically vertical sides reaching down 600 feet to the bed 
of the river. 

The Ynmuua ^anmna or Jtinma), the westernmost river of the Ganges 
system, rises on the western slopes of Bandarpunch in the Jamnotri gladct 
an<1 passes by the Jamnotri shrine at the foot of that mountain^ ft is 
later joinwl by the Tons River behind the Mussooriv Hills and then breaks 
through these hills to be joined by the Giri and Asan Rivers, which drain 
the area tietivecn the Bandarpunch suid Chor peaks. The Vamiina emei^es 
from the Mussoorie Hilb into the plains w'herc it fh>ws in a broad cui^c by 
Delhi, Matbum and Agra to join the Ganges at .Allahabad (Ibayag), Its 
tribntaries in the plains are the Chambal and the Sind v. hkh join it beloi-v 
Etawah, the Betwa at Hatniq>ur and the Ken above Allahabad, fts 
total length to .Allahabad (Prriy'ag) where it joins the Ganges is 860 miles. 
There b some reaSf>n to lieUeve that the Vauiuna might possibly have 
Qoivcd to the south and south-west Into Rajasthan or. at any mte, sharctl 
its wraters with the Sarasvati, which w^ undoubtedly a large river during 
the Vodic times. 
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The Rkimganga is a comparativdy small river rising on the southern 
side of the main range l>etWKaa the Gang^ and Kali basins. lU principal 
tdbntarj'' is ibe Kosila uluch joins it only in the plains. The liver is 
deflected to the south-east by the SiwaJjk hills whirh it cuB ihrough before 
emerging into the plains. 

The Kali [Kaliganga or Saixla) rises in the MLIani glacier uhere it is 
calleti the Goriganga. A fevr streams contiibiiting to its waters rise in 
Kungri Bingri, Lipiilekh and other peaks nearby. ITiese are to the nnrth 
the main Himalayan range and drain the area between Xands- Devi and 
Apinampa (23,39^ feet). The ti^'o major ttihulark^ of the K^di are the 
Dharma and Lissar which flow in a S;S.E. direction parallel to it before 
joining it. The combined stream is later joined by Sarjn and the EastEiti 
Kamganga at Paches^var, The Sarjii tribiitar)^ Hows from the X.\N . io S^E. 
on the same line as the Pindar ivkich is further to the north^wtrst and is a 
tributary' of the Ganges, From the junctioti at l^adK'SwaT, the river is 
tailed the Sarda or Sarjn. After emerging into the plains at BarmdeOp 
it splits lip into t^vo or more channels. The Sarda joins the Gogm at 
Baliramghat. 

The Karnall which is callerl tl'ie KaurJala in the mountains, becdtncjJ 
the Gogra in the plains. It rist^s in the glaciers of liIapchachungOK north¬ 
west of Taklakofc, draining the w^tem and the southern flanks of Mount 
<rurla Mandhata (25J55 feet),^ where its basin adjoins that of the Sutlej, 
ll then flo^vs in a south-easterly direction and cuts across the main Hima¬ 
layan Kange in a south-westerly direction. Before traversing the maiit 
range, this stream and its tributary^ drain a large tract 100 miles long to 
the south of the Brahmaputra basin. Its gorge through the great 
Himalayan Range is deep and picturcstpie. .\fler flow'ing SO miles in a 
south-westerly direction, it is joined by the Tila and cKtciites a remark¬ 
able hair-pin bend turning towards the west at about Laijtiide 28' 30* and 
Longitude BT 30*. It is then joinefi hy the Seti River just e;tst of Api 
;ind cuts through the Mahabbanit Range and receives the Bctri tributai\% 
which rises near the Diji Pass and drains the area to the wr^t of Dhaulagiri 
f26,795 feetj. The passage through the Siwalik Hills is through a pictures- 
c^ue gorge known as Shishapani mth precipitous sides 2.000 fei't high and 
through a series of hnc rapids. In the plains it is jomed by the Sarda 
[Sarjn) at Bahramghal and acquire the name of Gogra. which is a corrup¬ 
tion of the word ' Ghargharu ' meaning "rattling' or * laughing \ ft 
passes through Oudh (.Ayodhya) and finally joins the Ganges at Chapra a 
little above Dmapore, This is the Satju [Sarajm) of the epic Ramayana. 
Its maximum flcKHt discharge is said to be a little short of one million cusecs. 

The Gandak (Sanskrit : Sadumr^) is also called the Sabgrami in 
Xepal, and the Narayani In the plains. The name in Xepal is apparently 
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due to its bringing do^Ti u kiige nuint>tT of (nmirtonite fossils} 

from the Spiti Shales of Juoissic In the mountains it draitrs the 

area between Dhaulagiri and Gosainthaii. lU two main trib^itaries arc 
the Kaligandak rising dose to Photu Pfiss near Muktinath, and the Trisiil- 
gauga* The Kaligandah cats across the great Himalayas hy a gorge and 
is later deflected east to west by the ^(ahabharat Range. The other 
tribnta^3^ Trisulganga, rises to the north of Gosaiethan (26^2^? I feet} and 
then flows soutJi-W'cst through the main Himalaj^n Range. It is then 
joined by the Bnri Gandak and Marsyandi, Ttie combined river {the 
Can dak) then cuts through the Mah^bhsnit Range and Anally emerges 
through the Siwalik Rangfs at Tribcni. It joins the Ganges near Patna. 
In the plains thenr- are endences of the ri^er having frequently ctlartg^?d 
its coarse. 

The Kosi (Sanskrit : Kaimka} is the largest of the trilnitarics of the 
Ganges, said to be ne^t only to the Indus and the Rralimaputra in size 
and in the volume of its discha:rge. It drains the area between Gosainthan 
and Kanchenjunga in the Himalayas. The main stream, the .-Vriin (called 
Phtingchu in Tibctl rises to the north of Gosainthan and flows south-west 
for nearly 20D miles In a fairly flat stretch jnst to the south of the Brahma¬ 
putra basin and of the Ladakh Range^ This region is called the Dingri 
Maidan^ composed of Spiti Shales, through which the river meandets. It 
is joined by the Yarn River from the cast, the combined stream then flowing 
south between Mount R^ eresl (29.002 feet) on the west and the Kancheu- 
junga (2SJ46 feet) on the east, rcceivjiig numerous siUnill tributaries from 
the glaciers of these* mountaims^ After cutting through the mmn Himula^ 
yan Range it is joiiietl by the Sun Kosi from the west of the Tamnr Kosi 
from the east. The former is composed of s^^veral tributaries, m., the 
Indravatii Bhote Kosi, Tamba Kosi, Likhu, Dudh Kosi ainl others. The 
Bhote Kosi rises at Thanglang, a few' miles south of the up}>er reaches of 
the .\ruii. It cut=! through the main Himalayan Range by a vcrticab 
sided chasm 1,M30 feet deep and only 75 feet to 100 feet wide. Tlie Dudh 
Kosi rises between Mounts Gaurisliankar and Everest. The Tamnr Kosi 
rises on the wgistem slopes of the Kancheniunga and traverses the main 
Himalayan Range by a comparatively broad valley, in contrast with several 
other rivers w^hich have cot narrow gorges. 

The Sun Kosi atid the Tamnr Kosi run for a fairly loii^ distance parallel 
to and north of the Mahabharat Range and join tlie .Aran at Dangkera. 
The Kosi cuts across the Mahabharat Range and the Siwalik Hilts and 
emerges into the plains near Chatra. tn the plains it is bnilding up a large 
delta of its own through which its channels have wandereil for centuries, 
H is believed that ttie Kosi originally joined the Mahanaib, a river coming 
from the Darjeeling Himala^Tis, It is knoivn that the Kori flowetl by 
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Purnea 200 ago, but its present course is about 100 miles to tbe west 
of that place, having swept ov^er an area of 4,000 sc|, miles on which it has 
deposited huge quantities of sand and silt. It now joins the Ganges 20 
miles west of Maiiihari but formerly it used to join that liver near Manihari 
Itself, The Kosi is notorious for its frix^iuent and disastrous (ioods and the 
i^gaiies of its charmelSr In high Bood it is said lo have a Bow of nearly 
one minion cusecs loaded with much gravel, sand and silt. 

The Chambal rises in Central India near Mhow% It flows through 
HuiHli, Kotah and Dholpur, finally joining the Yamuna 25 miles east of 
Etawah. The total length of tlie river upto its junction with the Yamuna 
is 600 miles. Hurranl remarks that, if the criterion of tlie source of a river 
Ls the distaiicic between the mouth and the farthest |Kiint amongst the 
sources of its tributaries, then the source of the Ganges will have to be 
regarded as identical with that of the Chambal ; but as we have seen, 
tradition bas decreed the source of the Ganges to be Gongotri. 

The Sind* w'hich is one of the larger rivers of the Xorthem India, 
takes its source near Nainw'as in Tonk State, It is probably the ri%'er 
Sindhu mentioned in the epic \’'islinupunLna, It is a perennial stream but 
subject to sudden Roods, It joins the Yamuna a little to the north of 
Jagmanpur. 

The Betwa (Sai^skrit : Vdravfjiii] rises a few miles soulh-wi-st of 
Hhopal City and flows through Sanchi, Gwalior, Jhimsi and Orchha* It 
through the Mndhyans bi its up^wr reaches and through a granitic 
country lurlluT dow n. it joins the Yamuna at 11 am if [mr, some 30 miles 
of Kanpur {Cawmpore)x 

The Ken [Sanskrit : rises on the i^orthern slo|>es of the 

Kaimur Hills and flows through ItundelkItLmd InTore it joins the VaTnuna 
near Banda. 

The Southern Tons (Sanskrit : Tumnsa) rises in the Kaimnr Range 
in lilaihar. 11 leaves the plateau in a scries of waterfalls, the largest of which 
is called Bihar which, when full, is a sheet of water 600 feet broad and 
370 feet high. One of its tributaries the Belan, has also a waterfall 100 feet 
high. The Jeans joins the Ganges near Sirsa, a little btdow' ,\llahabad. 

The Sone (Sanskrit : Saarnu is a Large river rising on the 

Amarkantak plateau not far from the source of the Xarmada, It Bow^ 
In a north-westerly di ruction past Sohagpur throng li Rewa and Baghel- 
khand, along the foot of the ^'tndhyan scarp. In a narrow channel through a 
wild couutr>\ h has several iributaries^the Mahanadi, lianas, CrO|iat, 
Rlhand, Kunhar, etc* In the plains of Bihar its t^ed Is as wide as three 
miles* During the rams the river rises to huge proportions an<i the maximum 
dUchaige has been estbnatecl at three-qiiarler million ctisr'cs. 
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About 1,000 ycitfs ago the Sone jotne^J the Ganges a little ImJow PaUia* 
Since then it has been gniJtially recctiinf' westwards. About 17^ A.D. 
its junction was at Maner, but now it is 10 miles further up the Ganges, 
The length of the river from its source to its junction with the Gituges 
is 4«5 miles and its drainage basin has an area of 21.000 sri- rules. 

The Mahananda rises in the J>aTjetting MimaJayas ne<w 26 56 . 

88- 20', It emerges into the plains near Siligiiri and after passing through 
Piirnca and Malda, joins the Ganges near rKHlagiri. 

The Delta of the Ganges beguis near Gaur, a famous old hisloric city. 
The present main branch of the river flovra in a south-easterly direc^n 
and is callwl the Padma, U flows pust I'ahna and Goalundo and is then 
joined by the Jamuna ^vhich is the major channel of ihc Brahniaputni. 
The totil length of the Ganges from its source in Gangolri to the mouths 
in the Bay of Bengal is 1.557 miles, A few centuries ago the main channel 
of the Ganges in Bengal was the Hooghly together with its feeders, the 
Bhagirathi, jalangi ami Mathabhanga. which are cfllled the Nadia Kiveis. 
The Bhagirathi is known to have been the main channel orignnally, for on 
its banks stand the various fonner capitals of BengaJ such as Gaur, Pandna, 
l^aliadwip and Satgaon (Sairtagram). The lormer main course of the 
river, known as the Sarasvat), left the Hooghly at Salmon and had a more 
westerly course and rejoined the tiooghly at SankraU, a few miles below 
Calcutta. Oceangoing ships used to sail up the Sarasrvati to Satgoan and 
Tribeni until some 450 years ago. Fonncrly. the Damodar joined the 
Hooghly at Nayassirai. 39 miles above Calcutta and contributed to the 
Hushing of the Hooghly and keeping its channel deep. Hut by 1770 the 
DamcHlar changed its couise and joined the Hooghly at hulta 35 miles 
below Calcutta, ft was after the Sarasvati channel was aljandoned by 
the Hooghly that the trading settlements of the Portuguese. Dutch and 
French and Danes were established at Hooghly, Chinsnrah, Chmidraiiagore 
and Sorampore (Sriramporc), After the Damodar changed its course, 
the Hooghly at and above Calcutta has been shoaling up. 

Formerly the 1 looghly flowed south-east from Calcutta near the exit 
of the present Tolly's nullah and joined the sea near Sugar island, I his 
channel callefi the Adiganga, can he picked up now as a series of ponds 
and pools across the 24.Parganas tip to near Sagar Island. On ils lianks 
stood the sacred Kali lempk at Kalighat and also sevend other places 
which are still considered sacred. Nrm' the Hooghly flows S,S,\' - from 
Calcutta and then Ixirtis south-east towanl.s Sugar island. 

The Hooghly estuary is notorious for its saiul banks and dangerous 
shoals of which the James and Mary- Sands, 35 milt's tx'low talcutta and 
between the mouths of the Daniodar and Rupnarain, H^re welbknown. 
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New iUfe being txicl^imedl by the sediments brought do^vn by the 
^dnges. These arc known ns the Sundnrbeiis^ which are cx tensive swampv 
flats forming the lowe^ portions of the Deltan 

the BRAHMAPUTRA SYSTFAl 

The Brahmaputra t The source of the Brahmaputra, which is 
called Tsangpo in Tibet, is at Tamchok Khambab Chorten in the Chema- 
yung-dung glacier, approximately at 31" 30' : 82“ 0\ some 92 miles Uom 
Parkha Ian important trading centre between the MaiKisaroviar lake and 
Mount KailasJ and near the source of the KamaJi and the Sutlej. It has 
a long course through the comparatively dfy and flat region of southern 
Tibet before it breaks through the Himalayas near the peak Namcha Barwa 
{25,445 feet). Its chief tributaries in India are .4mochu. Ratdak, Sankosh. 
lianas, Bhareli, Subansiri, Dilwng and r.uhlt {Zayul), The several tri¬ 
butaries in Tibet are derived partly from a low range between the main 
IHmalaya nucl the Tsaug|Ki and partly from the Xycn-Chcn-Tanghla Range 
Id the north of tiie Tsangpo. The total length of the river from the soiitce 
in south-western Tibet to the mouth in the Bay of Bengal is 1,800 miles. 

The Brahmaputra is known as the Dihang in the A.s.sam Himiilaya 
before it comes into the plains. The Dibang and Liihit meet U from the 
east near Sadiya, The Dibang drains the iitmalayas east of the Diliang 
w hile the Luhit draii^san area between .Asssim and Burnia, 

The course of the Tsang^x) in Tibi^t is through a plain hut it has not 
been deeply cut into as is the case with the coui^ of the Jnilus and Sutlej 
in western Tibet. It is quite a sluggish river south of Lhasa. The deviation 
of its l>ed is I4,K40 feet at Tradom : 11.840 feet at Sbigatsi' : 8,000 feet 
at Gyela Siudong near Namcha Hanva ; but only 442 feet at Sadj\-a in 
X.E* .Assam. 

Its course iu Til^t from the source to where it i-nters the central 
Himalayan range near Namcha Biirwvi is LOGO miles long. It lias three 
tributaries above Sluunsang, viz,. Kubi T5ang|>[>K Chema Vangdiing and 
Marynm Chu ; ihe Itnsl of these is ihe Tsangpo pm|>er, which is also much 
larger than the other two. All the three rise in the-w^atershed separating 
the Tsangiso basin frtHu Lake J^fanasarovar. Several other trilmtaries 
join it further east, tt is noticed that many of these flow in a direction 
opposite to the Tsaugi>o and thhi has led to the speculation that the Tsangpo 
might originally have flown westwardSn Which route it chose is uncertain, 
for it may have foMow^ed what is now* the course of the Kali Gandak or the 
Karnali dr the Sutlej. According to Burrard, there is some evidence that 
the first may be the most likely, for the Phuto pass {in Latiakh Range) 
separating the Kali Gandak and Tsangpo is an vxtraordinan^ depression 
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barely 250 I«rt higher than the Tsaagpo valley in Tibet. The Gorge oI the 
Kali Gandafc through the main range is also too deep to have been cu > 
the iCah which has a ^-ery sniaJI catchment above the gotigic. 

The Chief westerly flowing tributaries of the Tsangpo ^ ^he Kyi 
(Lhasa river). Nyang fjoirrine Shigatse). Kang an<l 
rising on the south Tibetan watershed, only the Nyang ^ 

HimaJavan Range north of Chnmo Lhari (23,997 f«t) and cuts 
i^-atershed beforo joining the Tsangpo. The Kyi^u ns« on t^hv Njen- 
Chen^Tanghla Range to the north of the Tsangpo valley. It is the nr cr of 

Lhasa and the most important tributary of the viiee 

taries rise on the same range and some even on the Trans-Himalaya Range 

further tf> the uoiih. 

The Tsangpo flows for nearly 1,000 miles in Tibet IkIofo it tiakcs a 
great knee-bend encircling Namcha Bairsa and then breaking through the 
Himalayas The bend is just cast of longitude 94^. The met has a wati r- 
fall 30 feet liigh near Pemako Chung. A tributary' which joins it near 
Gvcia has a waterfall 150 feet high ealh'd Shingchu-chogve. Dunng i s 
course through tie Himalayas, the river (called here the Dihang) ^end^ 
through 7.500 feet, the altitude at Sadtya being only -MO feet abore sea 

levtL 


The Raldak rises in the Clioroo Lhari mountains and joins the Brah¬ 
maputra at Kurigrain. while the -fmoeftn drains the Chumbi ralley and 
joins the Brahmaputra at Alipur. 

The Sanlcosh is larger and longer than the Aniocliii and Raidak. 
It drains the area between Kula Kangri South peak [ 24 , 7 « feet) and Chomo 
Lhari [23,997 feet). It flows by Punaka where it is 400 yards wrde but 
narrows down further below to flow through xv gorge. It joiius the Brahma- 
putm at Palaniaii below Dhubri. 


The Manas is formed by the combination of several streams which 
join in the outer Himalayas, the main tributary is called Lhobrak or 
Kuru-chu bv the Tibetans, and it rises on the north-western slope^f Kula 
Kangri It' breaks through the main KimaUyan Range at Thunkxvr 
south of iJiahhaug Dming. The bed of this gorge is at an altitude of 
10 000 feet and is impassable. After collecting all its tributaries m Uie 
Ic^er Himalayas, the Manas breaks through the foothiU ranges and emerges 
intri the plains to JoLn the Bmhniapiitra+ 


The Subansiri : Very little is known about this river except that it 
has tributaries both from the north and south of the main Himalayan 
Range ft mns for a distance of 100 mils in the plains before joining the 
Brahmaputra at the w*estcm end of Sihsagar district. It is said to have 
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a Jong course in the Himalayas, flotving through a series of gorges and 
rapids. It separates the .Ibor and Miri 1 tills of the outer Hiinalayas. 

The I>han6irl rises in the Kaga Hills and alter a course of fSO miles 
through N’oivgong and Stbsagar, falls into the Brahmaputra below Golaghat, 

The Torsa rises at roughly IT 49' ; 89" II' below the Tang fass. 
It flows through tlie Chnmhi valley and Bhutan. It enters the plains in tire 
Jalpaiguri district and splits into two branches thr western one (Charla) 
joining the Brainnapiitni at 25° 40' : 89° 44', after a course of 245 miles, 
^ind the eastern one flowing Into the Raidak. 

The Tlsta (Sanskrit : Trishnii or T’rrsi'eln) rises in Chitamu Lake in 
rihet, (abwit 28‘ 2' ' 8S 44'), and is said to have another source below 
Kandii-njunga. It joins the Brahmaputra rn the Ratigptir district of 
Bengal. Its tributaries are the Rangpo, Hangit, Rangjo. Kyeng and the 
Sivok, It flows through a magnificent gorge known as the Sivok Gola 
Pass in the Darjeeling district. It is a wild river in the Darjeeling Hills 
where its valley is clothed with dense forest, but its drainage area in the 
mountains is only 4,800 sq. miles. In the 1950 floods its flow was estimated 
as nearly 0.6d million cusecs. Up to the close of the 1 Bth Century it flowed 
into the Canges, but after the destracti\'e floods of 1787 in which a large 
part of the Rangpiir dLstricl was laid waste, it snddetrly turned easuvards 
and joined the Brahniaputrir. Its tributaries in the pLains are the Lish. 
CLsIi, Saldaiiga, etc. There are many old channels especially in the r^’estem 
.part of the Kangpur district which were occupied by this river formerly, 
and the Karatoj'a through which it joined llie Ganges is still knowii as 
the Htirhi Tista (Old Tista). 

The Jamirnu or Jiinai j This is the name of the prtiseiit lower section 
of the BraJiinaputra, from its entry into Bengal to its junction with the 
Ganges at 2.3' 15' ; 89° 45'. On its banks are the towns Tangail. Sirajganj 
and Bogra. 

The Mejilhna : This is tlw name given to the couna- of the original 
Brahniaputra after its confluence with the Surma Ri\-rT. from Bhairab 
Bazar onwarris. It enters the sea by four streams, enclosing several islands. 
During floods it expands into a vast sheet of water. The various streams 
constantly shift their couises and navigation in them is always attended 
with rlanger. In the Koakhali district on its eastern side the land is steadily 
advancing towards the sea. The Meghna is subject to tide* ivhicti rise 
12 to 18 feel, and also to bores which are often disastrous. The valJej of 
the 5!eghna is fret|ueiitly visited by severe cyclones, some of whkh work 
great havoc. It is said that ahotii lOO.fXM) people perisherl in the cyclone 
3lst October, 1876, 
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rue Feni is a short river. 72 miles lore, rising in tlu Chittagong lull 
tracts anti Triptira. It falls into the Saiulvi ip cliantu'l in Noakhali. 

Tho Surma rises on the wuthern slopes of the inoiintain range to 
the north of Maniiuir. Its upper part, known as Barak, is marked by steep 
lianks awl several falls. It turns west in the Cachar district through wbish 
it llows down to Badarpur where it separate into two branches which 
reioin at Ifabiganj. It has numerous small tributaries anti its total length 
is 560 miles before it joins the Brahma(iutra. This river constitutes an 
important trade route and on it are situatetl Silehar. Sylhet. Radarpur, 
t>unamganj, etc. 

The Brahmaputra in the plains is a mighty river and spreads into a 
vast expanse of water. When in flood it brinfia down much sediment and a 
large amount of vegetation including large trees. There are tnimereus 
islands in its lied and the streams change their course iiiry often. MU'V 
traversing the Assam Valley for 450 miles, it sweeps round the Gam Hills, 
enters the Rangpur district and flows southwards for nearly 150 milt's 
liefore joining the Sea. In Bengal, it is locally known as the Jamumn as 
far 35 its June Man with the Padma near Gckalnndo. Originally the Brahm^ 
putra flowed south-east across the Mj^eivsingh district where it receiied 
the Surma RiFer an<i directly united with the MeghnA. as shoivTi iii RenncU s 
map of 1785. By the beginning of 19th Century its bed had risen and it 
found an nutlet further west along its pre^^nt course. The Cfitire lower 
jwition of the Brahmaputni consists of a vast network of ehanmls, which 
4 \JXi in the cold season but arc inundated in the summer and in thv 
rains. The riwr is more or less navigable as far up as Dibrugarh, EM miles 
from the mouth, but normaUy the larger boats can reach only up to Gauhati. 

Most of the Himalayan rivers rise in Uje Great HiinaJaya or in the 
Trans-HimaJaya. The fact that the chief ivatemhcd is beyond the line 
of great peaks is generally cited as evidence in favour of the dtainoge being 
or having been iit existence Ijefore the main phase of upheaval 
of the Himahiyas occurred. The courses of the rivers, where they cross the 
high range, arc at right angles to the latter, they have 3 radial dis¬ 
position with reference to the Himalayan arc. 

There are several cases of the recesskin of the heails of streams in the 
mountains by the action l»th of the streams and tlie glacieiN which feed 
them. This itaad retuien has. in some cases, Icel to the source going to the 
nnrthi-m slopes of the Great Himalaya and capturing the drainage of other 
streams. An e-sccllent example of river fHpivre or is famished by 

the Kosi w-hcnio trilmtary'. the .Arun, drains the northern 5!o|>« of the 
Great Himalaya of Wipal regum. Other examples arc fountl in the Itidiit 
and Gatigss s\-stems. Rivers have also inherited the vallejs of glaciers 
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in amny cases ; the tributary streams in these cases arc often found in 
Kaagiitg valleys some scores of feet above the main streams, the junction 
rnarkriil hy cjLscades or waterfalls. 


lilVEKS 01‘ BUHMA 

The chief rivers of Burma arc the Jmiwadtly, t hindu in, Sittang and 

S;ihv<?en* 

The Irrawaddy rises in Upper Burma nertr about 2S‘ N. latitude and 
lias a drainage basin of 160,0(XI square miles, ^'et it is an immense river 
wficsn in flood. There arc two tributaries, the Nmai lika and iifali Uka 
whose confluence is about 60 miles above Myitkyrina. Theri' am throe 
narrow portions or defiles along the course, the first below Sinbo, the 
serond below IJhamo, and the third near Thabeitkyin near the Ruby 
Mines district. The river is however navigable up t<i Bhamo. It flows 
Through M.indaiay arid then Pakoliku where it is joined by the Cbindwin. 
liolow' this jiiiiiction is the dry bdt of Burma and the course runs through 
sandstone country amidst its own older terraces. It is thought that the 
river entered the sea near I'rome about rt third of a million years ago. i,f., 
about the end of the Tertiary era, and that the della below IVomr ha.s been 
h\i\]t up ^tnee. 

The Irrawaddy river system is of Tertiary age, the lower portion 
Ijeing of post-l'cgu age. Its chief tributaries arc the Nam-tu and Chindwin. 
The Nam-tu is the chief river of the Northern Shan States, rising within n 
short distance of the coutse of the Salween at latitude 23' 20' K. Its 
ooUTse south of Mcng^tnt is through a deep nanow valley. It is joined 
first by the Namnia and further down by the Namhsin. The course, after 
the junction with the latter river, is through a deep gorge (Gogteik gorge} 
where a succession of rapids and pools is seen, and in which the stream 
may be 2.000 feet below the top of the hills at the sides. After receiving 
the waters of the Nam-Hka and Nam-panshe, it leaves the hills about 
14 miles to the soutli-east of Mandalay. The course of the river is entirely 
in the I’lateau Limestone, There is abundant evidence that this river 
has captured its tributariea by head erosion. 

The Chtndwin river rises at latitude 25’ 40' N. and longitude E, 
first flowing northwards and then north-westwTird through the Hukawng 
valley and turning southward. In the Hukawng vaUey its tributaries are 
the Taron anil Tawan Hka, It then Rows through a rocky gorge and joins 
the Irrawadcly near Thikokku. The Uni river which flows thtough the 
Jade Mines tract is also a tributary of the Ctundwiii, It is interesting to 
note that the Lower Irrawaddy is the direct continuation of the vaDey 
of the Chindwin and that the former inherited this portion from the latter. 
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The SUtani^ rises in the Yamethin district and flows iiurlh for some 
distance before taking on Us southedv course. There appears to be some 
support for the view that this riwr course u-aa formerly that of the Lower 
Irrawaddy. As most of the lower part of tlie river is in a low plain, it 
meanders a good deal. 

The Salween rises in the l ibeuui iiiountLiins to the west of the fcu^ad- 
waters of the Mekong and Vang tM-Kiang ail of which have r^ntllel cour^ 
theio hi proximity to each other. The Salw^een h a wild tivt-r, and its 
comse through the Shan States U marked by gorges. In the early part of 
its course it runs paratlcl to the Irrawaddy and the I^Iekong, It receives 
severaJ tributaries in Yunnan and in the Shan States. The river seems to 
traverse Archaean and Palaeozoic rocks throughoiU its course. It joins 
the sea through two branches, one to the west of JiroulnieLn and the other 
several miles South of Moulinein. 

The naTiowness of the driiiniii'e basin of tht Salween is noteworthy. 
It 13 probable that some of its trihntaries have bran capturtxl by the other 
parallel rivers. Throughout its course, this river shovin extraordinary 
vitality which has helped to cars-e its deep gorges. 


r,EOLOGlC,\L ACTION OF THE RIS ERS 

■J'hc Peninsular rivers arc entirely rainktl so tirat they an; full only 
during and Lmmetliatdy alter the soiith-u^est monsooii, Cr., from June to 
October. They arc fairly active in their up^ier reaches wliere they generally 
flow over a rocky l>ed and activeh' erode the bed. They liavc built deltas 
near their moutlis when- they deposit the load of silt ciirried from above. 
The delta regions are fa'queiitly liable to floods where the distnhutanes 
ate silted up and are not kept open for carrying away the surplus waters. 
The deltas of the Godavari, Krishna, M.ihanadi and Cauveiy arc rich 
iigricultural tracts and they are gradually reclaiming land from tlw sea as 
K! proved by the fact that places which were used as porL^ for sailing ships 
centuries ago arc now some distance inland. 

Comparetl to the Peninsular rivers, tlie three main llinialayaii river 
systems are mighty giants. The Indus carries to the sea an average of 
about a million tons of silt per day, the Ganges a little less and the Ifrahma^ 
putra a little more. The Irrawaddy has been estimated to trans|iort about 
two-third million tons of siU per day. The Himalayan rivers are f(%l Ih.th 
by rain and snow, by rain during June to September and by -snow during 
the warmer half of the year. In their courses through the mountains they 
have good gradients and carry much coarse materials including pebbles 
.and boulders, brought in by glacicra and also tom off from the lit^is and 
banlB. They cany eiwnnous quantities of fine sand and silt denv«t from 
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tlie as well as from the higher peninsuliir tip-lands. Much of 

the coar^ materia] is tlepcisited near their debouchure into the plains. 
The aggrading action is confined mostly to the Joivcr reaches of the rivers 
and the deltas. 


CHANGES IN THE COURSE OF RIVERS 

The III (Ills. Ganges «md Hrahmapntni. have changed their courses in 
the plains freiiuently in historic and pre-historic times. Compared to 
these the changes in the courses of Peninsular rivers are not so marked. 

In North-Western India and the adjoining parts of Pcikistan the desert 
is gradually encroaching on fertile lands in Rajasthan, Punjab and Sind. 
Fart of the lower course of the Indus is really a desert. During historic 
times many cities and villages on the banks of the Indus have been flooded 
out or abandoned because the river had changed its course. There are 
numerous prehistoric settlements like Slohenjo-daro uhich have been 
buried in sands and alluvium. 

The history of the Sarasvati is excecdinglj’ intercstirig. The with- 
itrawal of the waters from the Sutlej, and possibly from the Jamuna. dried 
up the Sarasvatl which was once a great river which flowed through Bikaner, 
Hahaw'alpiir and Sind. In Vetlie Uteraturc the Sarasvati is given greater 
pixuninence than the Indus and the Gauges. Along its banks, especially 
in Bikaner, there arc numerous moimds containing remnants of prehistoric 
and early historic settlements. It flowed into the Rann of Kutch which 
was at that time a fairly deep gulf of the Arabian Sea W'hich permitted the 
entry of ocean-going vessels. The Sarasvati and the Gliaggar seem to have 
*lried up finally about the middle of the I3th centuiy, when there was a 
great migration of people as a result of the dnmght which followed. This 
W3S the third time it did so, for Todd states in his ’ Annals of Rajasthan ' 
that the first time the Ghaggar or Hakra became dry was in 1044 A.D, 

The Sutlej was originally an independent river not belonging to (he 
Indus s>'5tcm for it joined the Ghaggar in Bikaner. It abandoned its 
course Anally in the J3th century and joined the Beas near the south-west 
comer of Kapurthal.’t. Tlie Beas also liad an old channel which can stiQ 
he seen. The combined Sudej-Beas received the Chenab near Alipur and 
the combjnerl stream joined the Indixs at Jfithankot, 

The mam channel of the Indus up to 1800 A.D. flowed through the 
middle of the Thai. In that year it spAt up into two channels, and one 
of these (the Khedewari] which w as the main waterway up to 1819 was 
blocked by an earthquake. By 1837 the Kakaiwari was the main 
stream but this also become htocked in 1867. In 1900 the chief channel 
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was the thijamro. Owing to these frenuent chain-es. many lloiiri-*mg 
cities on its Ijanks have Keen abandoned or flooded out e.g,. Ohomban, 


Keti and Bhimanjopum, etc. 

Before the year 1245 A.U.. the Jbelum. fhenab and Kavi joined near 
.Multan, flowing just cast of that place, and then joined the east of 
Uch 28 miles south of Multan. But by the end of the fourteenth centi^ 
the f henab had changcrl its course to the one which it now occupies to the 

^vest of Multan. 


\U the Himalayan rivers that debouch into the plains of Xoitlicm 
India show ample evidence of budding deltas in which their courses change 
very' frwiuently. The Kosi, for instance, once flowed by the side of Pumea 
but is now, manv miles further west, having swept over an area of 4,0lM sq. 
mUes. It now joins the Ganges about 20 miles to the west of its original 
confluence near Manihari. The muiSfS of the Kosi during the last 200 
are shown in the report of the Advisory Committee on Kosi Project (1952). 

The original course of the Ganges in Itengal. about a couple of cen¬ 
turies ago. was through the Bhagirathi and the Hoogbly. But the Hooghly 
Ls now a minor branch, while the Padma flowing through East Heng^ 
has become the major one. Similarly the Damorlar. which used to join 
the Hooghly some 35 roUcs above Calcutta, now meets it several miles below 
i'alcutta. 'Hie Bhiigirathi onginally flow«l through the channel collcci 
Saiasi-athi whose couise is seen to the west of the modern Hooghly. It 
left the Hooghly at Tribcni. 36 miles above Calcutta and rejoined it at 
SankraiJ, 6 mdcs below Calcutta. It was an important waterway until 
the fifteenth century' and on its banks stoorl Satgaon (SaptagramJ which 
was a former capital of Bengal and a great centre of trade, as ocean^ing 
vessels regubrly called there. Satgaon lost its importance when the 
Saras vat i abandoned its entire. 

The Tbta was, i>arelv a century iiiul halt ago, a trihiitar>' of the Ganges, 
but after the disastrous AoikIs of 1787 it left its old course and became a 
tributary' of the Brahmaputra. The Brahmaputra itself originally flowed 
to the ^st of the Madhupiir jungle but noiv joins the Padma much further 
west through the channel known as the Jamnna, 


Pataliputra which was the capital of the great Maurya and Gupta 
empires for neartv 1,000 ycMts until the fifth century' A.D. now lies buried 
iH'ueath the modern Patna, It is said to have been located at the junction 
of five rivers—^thc Ganges. Gogra, Gandak. Son and Punpun. It was 
destroyed by a series of floods. The junctions of these rivers with the 
Ganges are ividely separaterl from each other at the present day, 

Gaur at the head of the Ganges delta was a v«y important and flour¬ 
ishing city between the fifth and sixteenth centuries A.D. A swamp is 
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said to have formed around the city and caused a greal epideiok in the 
year 1575 which led to its abandonment. 

Floods.—All the major rivers of India are liabJe to lhx>ds> especially 
in their lower course and in the Deltas. Floods in the plains are due to 
the high precipitation of rain during a short period when the river channels 
are unable to cany the runnifT and therefore spread out over the neigh¬ 
bouring area, tn the case of the Himalayan rivers the floods arc often 
due to the formation of barriers in their courses. This may be due to land¬ 
slips^ accurnulation of v^elation, or glacial Tnoraiues. The following may 
he given as examples of great floods. 

In December 1S40 a part of the hillside near the base of the Nanga 
Varbat slipped down into the Indus and foimed a danr nearly 1.000 feet 
in height. A huge lake, 900 feet deep, w^as said to have been created 
behind the dam. This led to the rise of the waters by nearly 300 feet at 
Bunji and thetr extension up to GUgit town. After six months the water 
overflowed the dam which snddeniy gave way, emptying the reservoir 
within a couple of days. The resulting huge flood affected many plic^ 
in the plains. Including Attock. This catastrophe of l^^l kstiU remembered 
along the Indus Valley, Similar floods also occurred In IB33 anti l^5B in 
the Indus. A flood in 1863 completely swept awny more than 1000 acres 
of the Dhareja forest m Sind^ 

The Shyok was in high floods in L926p L929 and 1932. It is stated 
that in the last mentioned year a danij 400 feet high and 1^300 Ic^ct thicks 
was formed by landslip. When the dam burst, the river l>eiow' it rose 
nearly 29 or 30 feet in less than an hour. 

In 1893 the AJaknanda tributary of the Ganges was dammed up by 
the slip of a hillside near Gohiia, The dam hurst later and caused a great 
flood. Disastrous floods are known to have occurred, in the Sutlej in 1819. 
in the Chenab in 1790 and in the Ganges in 1893 aixl so on. 

Flotxls arc also caused as a result of obstruction of river courses by 
landslips during earthquakes. The terrible flixids which followed the 1934 
Cfirthquake in Korlh Bihar and the 1950 earthquake in Assam are well- 
known. 

Floods are brought about by ejcccptiortally heai^y rainfall during a 
short period when the river channel is unable to cope with the run-off and 
the water spills over the banks and spreads over the countiy'side. With 
the steady deforEstation of the country the soil cover is stripped off by 
crosian, percolation is dimiiiishe<l and the run-off is grt-atly increased, 
establishing conditions favourable for floods. Large floods arc of such 
frequent occurrence in most parts of India that it is scarcely necessary 
to enlarge on them. 
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LAKES 

Peninsular nresi 

For a country of tlic sise of the Indian sul>contineiit| lakes arfi coin- 
paratively of infrequent occurrence and of little importance. There are 
only a few lakes in the Peninsula, these hems E^^ncrally due to depressions 
on the surface or to obstruction of drainage. A few lakes have also been 
formed along llie coast by bare and spits. 

Along the western coast of SlaJabarp Coobin and Tia^-^oore, there are 
seveial large lakes or back-waters whkh are separated from the sea by 
narrow bars. They arc called Kayai& and arc used as waterw^ays for trade. 

PuUcat Lake ! just north of the Madras City is a shallow salt water 
lagoon called the PuUcat Lake, ft Is 37 miles long and 3 to lO miles ^^de, 
but the average depth is only 6 feet. It is separated from the sea by a 
bar. on the sea-ward side of which is a shoal wdiich may represent the 
sediments formerly deposited here by the Old Falar River, The area in 
wtneh there arc islatsds in this lake is inundated during the monsOfjiiEi. 
The marine sdt in the islands contains thin layers of gypsum depo^tetl 
from sea w^ater during recent times- 

Golair (Kolleruj : This is a large fresliwater lake in the Krishna 
district between latitudes 16^ 32" and 16“ 37' and between longitudes 
IS® 04' and IS"" 23", It is due to the growth and coalescence of the Godavari 
and Krishna deltas on eitlier side, leaving a body of sea water in the middle. 
It is very shallow and elliptical in sliape with an area nearly 100 sq. miles 
during the monsoon. It is gradually being silted up by the small streams 
draining mto it. 

The Chllka l.ake : This is a sluUJow gulf between latitudes IT 2S' 
and 19'' 56' now practically cut off from the sea by a sandy bar* It is 
pear-shaped, being 44 miles long and 20 mPes broad at the ina:<imum. 
The average depth is less than 10 feet and the area occupied by water varies 
between 300 and 450 sq. miles in different seasons. It has a naneuv outlet 
to the sea through which tides flow in. 

There am several lake’s in Rajasthan whkh are apparently depressions 
in the topography tiou^ fed by Inland drainage. As tliey are in an arid 
region, they are gradually being stUed np and the waters arc generally rich 
in saline eontent. 

The Sambhar Lake lies on the border of Jodhpur and Jaipur between 
latitudes 26" OF and 27" 0' and longitudes 74 “ 54 ^ and 75" 14'^ about 40 miles 
to the west of Jaipur City, ft is at an elevation of 1,200 feet above sea 
ievd and is 20 milfs long and 90 sq. mPes In area. It is generally dry in 
summer lea\-ing a sniall marshy patch. Four or five small streams flow 
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Into ii. The i^alfnic mud in the lake is 75 feet deep and is underlain by 
AravaUi schists. Tl has been ^vorkcd lor common salt since at least the 
days of Etnperor Akbar and possibly tnuch earlier. It is estimated that 
in the upper 12 feet of the mud in the Jake, whose average salt content is 
about & per cenIp there would be roughly one million tons of salt per sq, 
mile of area. 

fhe greater piirt of thb lake in summer is covered by^ a thin white 
crust o^ glistening common salt. The sediments below are saturated 
with brine. Holknd and Christie C.SJ., VoL 38, pp, 154-186, 
thought that the salt was derived from wind-bomc saline matter coming 
from the liann of Ktitoh, Dr, Pramanik of the Meteorological Department 
found, on investigation of the saline content of air samples in Rajasthan, 
that there is little or no support to that hypothesis (Froc. Nat^ Insi^ 5ci\ 
M., XX. 265-273, 19541. 

The other salt lakes of Rajasthan include Didivana, 40 miles to the 
north-west of Ssimbhar ; Pachbadra, 60 miles iscnith-Wiest of Jodhpur ; 
Cbliapior near Sujangarb ^ Lunkoransar in Bikaner, etc. 

The following table gives the analyses of the saline material in some of 
the Rajasthan lakes and welts. 


Table 2—Compositiok of s.%une uArrm tN R.ajasth.vn Lakes 
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■*+ f 
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1 

... 

0-60 

..+ 

KaHCO* 



1 

1 




CaCO, 

0-3S 


ShSO 1 

1 

... 



It wiU be seen that the Sambhar Lake contains jiroctkally no magnesinm 
salts while they are prominent in Pachbadra and Kfmra Saghoda. PotoR- 
Rium salts arc alTsent in f^adibadra and Djdwaim. Sodium sulphate is 
present in Sambhar, EKdti^a and Kucliman but not in Pachbadra. 
These pecuixaritifs are probably to be explained by the pecullaritit^s in the 
salt content of the local soils and drainage. 

There are also fiome fresh water lakes in Rajasthan like JaLsamaud 
and Fatehsagar in Udaipur and Rajsamand in Kankroli. These ixxupy 
depresswns in the surface. 
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The L*nar Lake : Tkh is a great circular depresston in the Deccan 
Traps in the BnJdana district in Berar. It is about a mile in diameter 
and nearly 300 feet below the level of the siirrounding country. It is 
occupied by shallow water during the i^ins but becomes dry in the hot 
weatherp showing an Incrustation of sodium carbonate (Urdo) and some 
sodium chloride. Thus depression is thought to be a crater lake i,^., a 
lake formed by collapse of rocks due to the withdrawal of lavas aud 
from below at a late stage of the Deccan Trap activity. The salts art- 
probably derived from the local rocks ^and perhaps to some extent from 
springs inside or at the bottom of the depression. 

The Nal : The low area between Saiirashtra aiid Gujarat in tin 
Ahrtiedabad district was till recently an arm of the sea, the remnant of 
w^hich is NaL It is a large lake, 37 mil^ south-west of Ahmedabad covering 
an area of 50 sq. miles. The winter is brackish w^hen the lake is full but 
becomes niarkedly saline in the hot season w^hen the level goes down. 

The Mancbbar Lake is a large shallow lake luring between latitude:^ 
26*^ 22' and 26* 28' and longitudes 67* 37' and 67°^ 47^ in the Sehw'an Taluif 
of Larkanu, Sind, It is a depression in the course of the W^^stem Nani. 
When full, the Lake is over i5 milts long and 10 miles wide. The marginFi 
are shallow but the centre is 15 to 20 feet deep^ It supports rich fisheries, 
and during the dry weather the borders of the lake are cultivatefl. Duritig 
the season it is full of lotus flowers which lend it a beautiful appearance. 

Lakes on Potw^ar Plateau ; There are 4 or 5 important lakes as 
ivell as a few small depressions in the Salt Range and Pot war plateau Lii 
Pakistan. The largest of these is at an altitude of 2,526 feet. 

It is 3 miles long and 1 mile wide and receives the drainage of an area of 
50 sq, miles around it* The greatest depth in the lake is about 45 feet near 
the northern side which is marked by a fault scarp. After heavy rains tht- 
lake occupies about 4 miles. The Kular Kak&r is circtilar and has a 
diameter of abemt a miloK but is shallow with only 3 or 4 feef of water* The 
Khahaki Kahnf is found occupying a long and narrow SAmclmal fold at an 
elevation of 2*431 feet. The Kithar occupies the eastern end of 

the same syncline, being 1 mile Jong and | mile uide. The Jtdiir Kahur 
is a long vaUey in the eroded crest of an antidine, ft is about 1,000 yuixh< 
long and 500 >^rds wide and has been formed by ttie dammii^ tip of the 
outlet of the valley by loose deposits. 

The above-mcntioiiejd lakes are saline in various degrees as they are 
in an area which receives low minfall (about J 5 mches a year] and have no 
outlets. They contain water tbioughout the year, but the water level 
fiuctuates considerably^ 
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] Runn of Kutch (Sanskrit i: /riiiii) is tih; rcniuiint of aji of 
the sea which fomicrly connected Ihe Narmada rift with Sind and separated 
Kutch from the mainland. It comprises the Great Ranh and the Little 
Rann, with a total area of sq, miles and with a maximum width up 
to 35 miles. It is notv a saline desert for the greater ^wt of the year and a 
marsh during the monsoon when a thin sheet of water inundates it. It was 
formerly a navigablf l^ke and though it wvis silt I’d up gradually, it w^as still 
deep enough for sailing ships id the fourth century' B.C^ when Alexatidcn* 
the Great invaded India. Local tradition still speaks of several ports on 
its shores in formiT cJa)^. 

When the sea water ivlilch covers it during the monsoon dries up, 
the surface is covered by a hard layer of salt and shingle. In Hie summer 
ficat its surface is blinding w^hite due to the nedeetjon of light by the crust 
of salt. It does not support vegetation except in a few' small raised areas 
ivherc s^>nie fresh water is available^ and the only animals that occasionally 
imVerse it are small herds of wild asses* If it receives any rain or if strong 
south-west winds cany some w'ater over its surface, it at once becomes 
marshy and impassablei The great earthquake of 1819 is reported to 
have raised up the central area of the Harm by several feet. The eastern 
l^iait, called the Little Rann. is also gradually silting up, 

Dhands : There are a number of alkaline lakes called dhands in 
Sind which occupy small depressions amidst the sand hiUs. The saJine 
Water in them evaporates during the dry weather and ^delds sodium salts. 
There are also several small lakes in Baluchistan and l^fekran which contain 
saline water. 


EXTRA^PENINSUL.4 AND TIBET 

Them are numerous lakes of different sizes in Tibet whkh arc considered 
to have been formed by the obstruction caused by glacial moraines in river 
valleys* In the earlier part of the Tertiary' era Tibet must have been a 
region of normal rainfall. BuL after the rise of the IlimaJayas^ the moisture- 
hearing winds from the Indian Ocean have been cut off, making it progress 
sively arid* Lake terraces are found in many parts of Tibet several huiKlred 
feet above present water level, indicating that the water level was formerly 
very much higher* As a result of the concentration of saline matter in the 
waters, many of these lakes now deposit common salt and in some cases 
borax. 

The largest lake in the Tibetan region Is Issik-Kul 12*000 sq. miles) 
in the Tien Shan area, while the Kokif-nor is over 1,600 sq. miles in area. 
The Tsai-dam depression is a lake basin having an area of 12,000 sq. miles 
at an elevation of 9,000 feet ; it is for the most part a dry s^dine desert. 
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Several important lakes also occur in Southern Tibet, like tbe 
MuHosamwar t200 sq. miles], RaJ^shm (140 sq. miles], Yuni^rok (340 sq. miles), 
GufJckti (40 sq. miles), Trigu (50 sq. miles) and othci^. Within the Himala¬ 
yan ranges there are numerous lakes o( comparatively small dimensions 
such as the Tsuf-Mornri, Naini Ttd, Bhim-Ttil, Kh^an Tai, Wui&r, etc. 
The Wular lake, in the northern part of the Kashmir valley^ lies at an 
elevation of 5 k 1S0 feet in the course of the jhdmn river. Its ancient name 
is P^dma Saras, Its normal area of 12 sq. itiiivs may be increased 

to as much as lOO sq. miles when the J heltim is in Hood. A much smaller 
lake, the Dal Lak^ h dose to Srinagar and occupies an area of abouL S sq^ 
miles. On its banks arc th^ terraced gardens laid out by the Mogfml 
emperors Jehangir and Shah jalian. Cascades liow down in a series of 
steps from dw liiU side through the gardens l>etween rows of mugniiicent 
trees and banks of flowers into tbe lake. 

Most of tbe Himahiyan lakes arc thotighl to l>e of tectonic origin 
though some may be due to obstructed dtaiiiagc thruugb the agency of 
glacial moraines or ancient landslides. Some of the Kumaon lakes are said 
to be dtie to the subsidence of the floor by solution of the underlying 
calcaremis rocks. 


LARES IX BURJIA 

As in India, there are very few lakes of importance in Burma. These- 
inclnde the IpdaAvgyi and Indaw in the Kntha and Myitkyina districtSH 
some crater lakes in llie Chindwin district:, and ponds of various sij;es in the- 
alluvial area. 

The /fiiftfirgj*i lak£ in M^dtkyina is 16 miles long and 7 miles broad 
with a superlicial area of about 80 sq. mile^. It has an outlet to the north 
in the Indaw stream, and occupies a depn^on amidst the hills which may 
be of tcftonic origin. The Indmu- in Katba district is probably also of 
tectonic origin. 

The Itth lake in Shan States lies at an altitude of 3,000 feet betw^eeji 
tw-o ranges of hills. It tias considerably silted up In historic timeSj, as have 
several other lakes in the Shan plateau. It is 14 miles long and 4 miles 
broad but^ even when full, is only about 30 feet deep. In the dry season 
the clepth Ls on an average 7 feet^ and the bottom is overgrown with w^eeds. 
Its margin is marshy and fnU of vegetation. Its origin is attributed to 
the sinking of land by the solution of limestone bcldw^ the bctl. Several 
other areas in the Shan States, now covered with thick alluvial deposits, 
to the fact that they were all once lakes. 

In the dry' zone of Burma, paiUculariy in the Sagaing and Sbw'ebK> 
iiUtricts, there are several saline kkes, all of small extent and a few whick 
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coujd yield brine for the manufacturo of common 
etc. during the dty season^ 

There art some 7 or S craters or hollows formed by volcanic eKplosion 
along both ddcs of the Chindwin river near Shwc7,ayt Some ol these 
contain permanent water^ while others are dry and may be cultivated 
for part of the year. In the craUr, tiVo miiea X.E, of Shweaaye^ 

the water-level is over JOO feet below the rim ol the crater and Uie ^vatcr is 
said to be about 70 feet deep^ The Tiimi^byaifk ernier is hall a miJg in 
diameter and 200 feet deep^ and the bottom Is only partly covered with 
water derived from springs^! the sides. The Twin lake is the southern¬ 
most of the group. The crater h three-quarters of a mile in diameter, 
150 feet deep and has a shallow lake at the iK^ttom, the body of water 
being about lialf a mile across. 

In Lower Hurma the lakes are mainly depres^ons in the aHuvimu, 
or obstructed drainage channels. The Da^a lake in Bassein is an elliptical 
lake 2J miles long, a mile wide and 20 to AS feel deep. It h considered 
to be an unhlled bend of the Irrawaddy river. The Imma (iingma) iak^ 
in Proms and the Hlo& and Daom lakes in Hcniada occupy abanduned 
cour:se3 of the rivers. These attain thdr largest extern during the rains 
and become mere marshes in the dry weather. There are several other, 
similar^ but less important lakes in the deltas of the Burmese rivers. 


EARTHQUAKES 

Earthquakes occur in regions of marked iiistability of tlie eru^l iuch 
as mountain belts of geologically recent date. One such region, 
excellence, is the zone of the Himalayan, Burmese and Baluchistan arcs 
around the northern borders of the Indian peninsula which have been 
folded, faulted and over-thrust during the Tertiary era. It is thought 
that earthquakes originate from places or zones where the accunnifalctl 
stresses give rise to some movement, mainly by i?lips along fault plancSp 
by readjiisLment of material brought about by pJjysico-chemtcal changes 
within the crust* or by plastic floivage due to some cause jncluding con¬ 
vection currenls. Karthquakes may occur mtlnn a few kilometers ol the 
surface in which case they are attributable mainly to slipping along faults. 
But others originate at intermediate depths (down to 200 km) nr at groat 
depths {down to 700 knxj The latter are knoivn in the Raniir region and 
in the Japanese and Indonesian island arc^ where they are counecti^ with 
major thrust zones dipping steeply (about 60 •) towards the contmentaJ 
mass behind the arcs. Earthquakes may also be prcwluccd in regions where 
there are active volcanoes, as in the Iiidom^slan Archipelago and the 
Japanese islands. The major earthquake regions of the earth arc in the 


GEOLOGY OF INDIA AND BUftMA 




4K 

circum^PAcific mountain belt and also along the Alpine-Hinmlayan rnoimUiii 
systems. These are geticnilly zones of large negative gravitational anotnaJjes- 
in the emst of the earth. 

The PenlnsuliiT part of India is a region of high stability as the mountain 
huiktuig movements 1 herein have ceased to lie active tong ago. It is cut 
up by ^ large number of fractures and faults but these arc inactive at the 
pri.“sent day. Occasionally, how'cver, very feeble shocks arc felt in some 
parts of tljv Peninsub, particularly around irs margins. Sympathetic 
shocks occasionally arise in the Peninsula at the time of major earthquakes 
in Northern India. Pot instance, a minor :^ock uas recorded on the 
st>utli-%%egt coast of the Peninsula at the time of the great Bihutr earth¬ 
quake of 15th January', 1934. The reason for such shocks may be that 
the fault along the western coast has not yet completely attained equili-^ 
briuxn. It is ajso probable that the ureas occupied hy chamockitic rocks, 
where occasionally feebk shocks are rdcordefh were uplifted in the Tertiary 
times. 

TIjc I ndo-Gangetic alluvial trough is a region whose origin and structure 
are closely connected with the formation of the Himalayas. It is a tectonic 
trough formed in front of the rising Ifimakyan chains. Changes appear 
to be still taking place at the bottom of this trough, giving rise to occasional 
earthquakes. The Sind earthquake of [819 and the Bihar earthquake of 
1934 had their origin in the aUiivium-blled trough. 

The Himalayan belt is a highly conipressetl ?^>gment of the earth 
crust in which the sediments deposited in a large goosynciine as well as 
the rocks of the northern margin of the Peninsula hfive been involved* 
This belt shoivs the presence of several thrust planes along which slices 
of the crust hat'o been moved considerable distances in order to adjust 
themselves to the compressive forces. The compression of the geosyndfne 
took place in sevend stages extending from the Upper Cretaceous to tbe^ 
Pleistocene ; though almost complete equilibrium has Iwn attained, 
there are still some inlnDr adjustments taking place which find expression as 
earthquakes, 

A study of the earthquakes duritig the last 150 years shov s that they 
are distributed all along the H imalay^, Burmese and Baluchistan mountain 
belts and also in the Pamir region bey'ond Knshmirp There is a tendency 
for a large number of shocks occurring In the regions where the geological 
formations show sharp changes in strike due to the presence of peninsular 
uedges underneath. Such regions aie north-westem Kashmir and Pumtr^ 
the north-east comer of Assam and the (Jnetta region in Ealuchisian. 
3fajor earthquakes are of frequent occurTencc in these areas. The most 
recent disastrous earthquake was that of August 15, 1950, near Rima 
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{29'’N :97"B) in the valley on the Assam-China border, in front of 
the Assam wcd^. 

Some earthquakes have also occurred in and along the margins of the 
Assam plateau wliich is known to be a Aorsf uplifted during the Miocene 
period. The great .'^ssam earthquake of 1897 and the Dhubri earthquake 
of 1930 occurred In this region. 

A large number of earthquakes have been recorded in Northern India 
and in the Himalayan mountain bolt during historic times. .A descriptive 
catalogue of these earthquakes has been published by Dr, T. Oklham in 
Volume XIX of the AfcmoiK of t/u Gtologieal Survty of India, Informatioo 
on Indian earthquakes is also summarised in the monograph by Count 
Montessus de Ballore in Volume XX.X^' of the same series. A more 
recent review of the subject is to be found in the Presidential Address 
to the Geology Section of the 24t1i Indian Science Congress bj'- W. D. 'cst 
in 1937, in which the structure of India is discussed in connection with the 
seismicity of the different areas. It contains also a list of the important 
earthquakes tit India, Burma and Pakistan during the last 150 years. 
Individual earthquakes which oocumed during the hist 60 years or so liave 
been described in various papers published by the Geological Survey of 
India, a selection of which is given m the bibliography at the end of tliis 
chapter. 


VOLCAaNOI-S 

Though TertUry volcaukoi has hem fairly uide- 3 |iread in the Hinia- 
hiy:i^y Burma and Baluchistan, recent volcanic activity h kiiouTi only hi ihe 
Barren Island and Narcoadatn in the Burmese? arc and In the Nushkt desert 
in BaludiUtiiitL 

Barren IsLuid has the shape of a cone which h surrounded by an 
encircling ring of a former crater. It ooctipies an area of a little over J 
square miles and the ridge is 600 to J JOO feet highp the centml cone rising 
to Ip0l5 feet above sea-leveL The lava-£oti^ consist mainly of basalt and 
angitc-andcsitc^ with intercalations of ash and pyroclastic materials. It 
was seen in acttial eruption in 17&9. 1795 and 1S03; since then it has been 
dormant. 

Narcondam {Naraka-Kundam meaning hdl-pit) on the same align¬ 
ment, is apparently an extinct volcano^ which was probably active in the 
Pleistocene. Its crater has been worn down and its lavas are hornblende- 
andesites and dadtes. 

Barren Island and Narrondam arc the crests of a deeply snbmeiged 
ridge l>ing cast ol and paiailel to the Arafcan-Andanian-Xias-Meotawei 
arc. This ridge is bordered by deep troughs on both sades. 
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Furtlier tiOtih, in the CcntraJ, bdt of Burma, there is cvidmce of 
Pliocene and Pleistocene aelmtjr in Mount Popa, Shwebo, Mandaky ajid 
1 , 0 wer c'hmdwin districts, Jade Mines area and the neighbouring parts of 
China, It is not kno™ whether any of these were active during histoiic 
times. 

At the other end of India, in the Baluchistan desert, is Koh-i-Suitan 
which is also an extinct volcano. Further along the same alignment b 
the Koh-i-Taftan in Iran whicli is said to be still active. The lavas arc of 
andesitic iyp& and intcrcalatcti with ash-beds. The Solfataras of Koh i* 
i^ultaii deprsrit sulphur as do those in the Barren Island. 

3^1 LTD VOLCANOES 

Mud volcanoes are not volcanoes in the true sense but are merely 
accumulations of mtid in the form of crater and cone due to the eruptive 
power of hydrocarbon gases in peLrolileroiis strata. They vary in sia^ 
from small mounds to hillocks JO or 40 feet high, and rarely much larger* 
Some have the shape of basins with a central vent while others are like 
volcanic cones. They usually erupt soft Liquid mud gently, but in rare 
cases rather violent limptions of thick mud and Iragm^Eits of rocks are 
known. Mud volcanoes seem to be more active during the rains, perhaps 
because rain-water helps to. soften the mud and thus lessen the pressure 
on the imprisoned gases. A small difference in lemperalrurc between the 
atmosphere and erupted mud is sometimes recorded* This may be due 
morely to the depth from which the mud comes or to o^kiLiution of the 
hydrocarljons escaping to tho surface. The temperatures ordinarily 
rt-corded are between S5* and lOO^F* 

Mud volcanoes occur in Burma on either side of the Atakan Yomas. 
The eastern group comprises those in Minbu, Prome and Bensadn districts 
and tire western group those on the Arakan o>ast and especially in the 
Raniri and Cheduba and other islands and near Caps N^grab. They grade 
front basins on the ujic hand to cones on the other„ the typ:* being apparently 
controllcti by the viscosity of the mud and the energy of eruption. In the 
kisin type the gas escapes as bubbles from a muddy paol, which m^y have 
various ilegrces of perrmnciioe. The type which produces cones ejects 
thick mud and the ejection of gas is much mare forceful than in the other 
type. The cones are often perfect miniatures of volcanic cones and attain 
heights of 40 or 50 feet. Parasitic cones, craters^ mud flows, e.vpioaions, 
intermittent activity, rumbling sounds, etc*, are all phenomena which have 
their pandlcls in true volcanism. 

In the .\rakan group* the uiud volcanoes of Ramri are the best'kooTvii, 
The dioractef of the cones varies widely, up to 2(M or 25ft yards. The 
<truptod materials cortsist of methane and other hydrocarbon gas, patrokum* 
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saline matter (sodiuni chloride and sodium and calcium sulphatei). mud 
and fragments of nock from the strata underlying the locality. The more 
violent eruptions tend to be periodica] as in the case ol geyseis. The gases 
evolved sometimes bum spontaneously, ITie Cheduba eruption of Jamiaiy 
21st, 1904, had a duration of 45 minutes and is said to have been the most 
violent known in recent times, Submaiiiie emptions of the same type are 
knotni along the Arukan coast, these occasionally producing mud banks. 

Mud volcanoes are knovni to erupt at times of earthquake if they 
happen to be in the afTected xone. The disturbance in the crust producing 
earthquakes should naturally Ix' expected to favour the eruption of gases, 
in mud volcancN?®. 

In and around iJia oU fields of Burma there ate mud volfiiinoes. ivfaicii 
are undoubtedly related to the occurrence of petroliferous strata in 
anticlinal structimes. In some of the oil fiieklSi fissure 3 in the sandstone 
are noticed to have been jlilted Aidth iday. These fissure^filljn^ are of ah 
dimensiojis. with thickness ranging up to about 10 inchs, and ruiinlt^ in 
all directions. These are to be explained as due to the Mquid mud forced 
out from beneath, filling up joints and fractures in the dominant sanrlstone 
strata of the oil fields. 

^fud volcanoes are also seen at the other rn<\ of the Himalaysm 
mountain arc, in the Meknin coast ot Baluchistan. The region being dry. 
the cones attain much greater heights {2fXI to 250 feet) In Mekran than irr 
Burma : in the latter area they tend to be destroyed by rain* 
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CHAPTER II 

STRUCTURE AND TECTONICS OF INDIA 

Peninsular India 

The of India, as alniady mentioned, ia made up of the 

Archaean giiei.ss 4 ?s and schists penetrated profusely by igneous rocks and 
Pre-Cambrian sediments, the latter including the Dharwarian, Cuddapah 
and the ^'^indhyan formations. The earlier rocks n'cre probably mostly 
igneons in origin, while the later ones comprise both igneous and the sedl- 
inetitary rocks. Thrive periods of gianitic intrusion have been recognisetl 
and it is pcKsible that others may come to light if detailed studies are under¬ 
taken. The earliest igneous suite is a streaky aii<l banded gneissie complex 
to which the temi ' Peninsular Gneiss ' has been applied In South India 
(SmeetU 1916). The second group comprises porphyritic granite or ai^eu 
gneiss, while the tlilrd is a granite which is practically unaffected by folding 
and yet of Pr^^'aml>rian age. The last has received various names iit 
different parts of India—the Closepet Granite in Mj-sore, the Arcot and 
Hosur Granite in Madras, the Erinpura Granite in Rajasthan, the Singhbhum 
Granite in BDiar^ etc. 

Similarly, the highly metatnor|)hostd sc.hi&ti^si- formations found in 
various parts of India and which incinde a large proportion of original! 
sediments, have received different names—the Dliar^vars in South India, 
Champoners and Aravallis in Gujarat and Rajiistliarip the Sausar and 
Sakoli Series in Mailbya Pradesh, the Shillong Series in Assam, the Bengal 
Gneiss in Bihar, the Darjeeling an<i Paling Scries In Sikkim, and so on. 

Looked at in a broad way^ the xArcbacan rocks ret*^eal certain regional 
strikes otTr large stretches of tlie country as noted bclow*^:— 

The Aravalli-Dharwar Strike.—Tlie Arat^lli mountain licit of 
Rajasthan is characterised by a X.E.-S,W, trend coii^icnously displayed 
from Champiiner in Gujarat at the head o[ the Gulf of Cambay to near 
Delhi across Rajasthan. Diis continues info parts of the Sub-Himalayan 
aonc of Tehri-Garhwal as noted by .Auden (1933). In this n^on^ the 
Teriiafy' Orogetiic movements have not obliterated the original trends of the 
anciEmt Aravalli rocks. In, tlu- south, in Gujarat p the Aravalli strike splays 
out so tliat a jiart of It continues straight into the Gulf of Cambay and 
probably Into the Laccadives and the Maldives, Another part %"cers round 
to N."S. and later to a N.N,W.-S.S.E. direction, emerging from under¬ 
neath the Deccan Traps m Southern Bombay and Mv'sore* Still another 
part appears to turn eastwards and coalesce into the rocks of the Satpura 
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belt in Central Imlia.' Tlic southern end of the Aravalli belt near the 
borders of i^ajasthan-Gujarat-Centra] India is thcrefom a region retiuinng 
critical study. Tlic N.N.W.-S.S.K stritc is characteristic of Dharwariaji 
rocks of Mysore. South of Mysore dty and Naiijangnd, the same rocks 
gradually swing round first to a N.-S, direction and finally towards the 
south-is'cst. merging with the rocks of the Eastern Ghats in the Nilgiris, 

Near the northern end of the Aravalli Range near DcUii, a part of Uie 
slructure tarns sharply towards the north-w'cst and N.N.W. and continues 
as sub-surface ridge bordering tlie Ihinjab plains, and c.\ tends as far west 
as the Kirana and Sangla hilJs not far from the eastern end of tlie Ihjnjab 
Salt Range. .\ud(3i considers this as a part of the Aravalli structure, 
exhibiting a sigmoid curve. 


In the soutliem-most pari of the Peninsula the general direction of 
Dhanvaiian trend is oontinaed in Travancore and the adjoining districts 
of Matiras, The direction varies from N.N.W.-S.S.E. in the Western Ghats 
to N.W,-S.E. further to the cast. A sharp fold is noticed in the TinneveEy 
district. These nacks appear to continue into the soulli-iv^tem part of 
Ceylon, where rock suites similar to thofse of Travancore are found. 

The Eastern Ghats Strike—The Eastern Ghats stretch from tiie 
Nilgiris in the S.W. to the border of Orissa and Bengal. In parts of the 
Nilgiris and immediately adjoining districts of Coimhatoie and Salem, the 
rocks of the Eastern Ghats exhibit a E.N.E.-W.SAV, .strike. To the 
west of the Ifilgiris this strike can be seen in isolated patches in Malabar 
but is mtcrfcn.-d with by the general trend of the Western Ghats, as noted 
by Lake. East of the Nilgiris it con be traced to the neighbourhood of 
Madras dty, where it turns towards the north, and following closely ihe 
curvature of the eastern margin of the Cuddapah basin, proceeds up to 
the Krishna valley' where it finally takes a definite north-easterly direction. 
At the northern end of the Eastern Ghats region the rocks atrve round and 
appear to coalesce with those of the Singhbhuni copper belt, w hile another 
part presumably continues north-eastwards into the Shillong plateau in 
Assam, the intervening portion being covered by the Ganges alluvium. 

The Satpuru Strike.—Another major trend in Peninsular India is 
that of the Satpura R;inge, with an E.N.E.-W.S.W. direction. The 
Satpura ratrges in Wcsteni IndLi arc composed largely of Deccan Traps, 
but further east they include Vindhyan and Gandwana sediments and the 
Archaean gneisses of Jabalpur. Chota Nagpur and Gaya. At the eastern 
end in Bihar, the rocks are covered by alluvium beyond the Kajmahals 
but emerge in the Garo Hills. The same strike is also seen in the Gangpur 
district in Orissa, but further east in Singhbhum it tiirns gradually to the 
south-east finally merging into the Eastern Ghats rocks. 
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The Mahdtiadi Strike —^The area Archaean rocks lying to the 
west of the Eastern Ghats from the Godavari valley in the south to the 
Mahanadi ^-ulley iti the nortli, exhibits a tread parallel to the course of 
the Mahanadi river (N.W.-S.E.) up to the Bonai district in Orissa and Bhau- 
liara district in M,P* There is some evLdeaoe that the Eastern Ghat; have 
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broken through the rocks affected by the Mahatiadi trend for the latter 
is observed in the ooastal tract of \'isakhapatuani and for some distance 
to tlifi narth-east. 

The Eastern Ghats arc largely made up of charnockites and khonda- 
lites associated with crystalline limcstioiies and metamorphoserl niangani- 
ferous sediments. According to Fermor they probably represent a bdt 
of block uplift, for tliey contain rocks which liavc been subjected to high 
grade nietamorphism, inctuding the chamockites and gametiferiDus 
gneisses, and later uplifted. 

It muy be pointed out here that there is a rough pjuallelism between 
the AravaUi and the Eastern Ghats trends and also between the Dharwarian 
itnd Mahanadi trends. Since the strike directions of the rocks in the 
different belts vary considerahiy. they meet at sharp angles in some places: 
for instance, the rocks of the Eastern Ghats meet those of the fiatpura 
trend in northern Orissa where the Bihar copper belt gradually veers arouail 
and finally merges itself into rocks of Jlayurbbaiij. The Dharwari^ and 
the Eastern Ghats trends nicct in southern Mysore and in the Nilgiiis : 
the Satpura and .Aravalli trends meet in northern Bombay and southern¬ 
most Rajasthan. Three different strike directions meet in a triangle in 
southern Gangpur in Orissa and in Bhandara in Madbym Fmde!^. These 
and other regions should provide structural data of importance if care- 
fiilly studied. 

Regarding the relative ages of the major earth movements which gave 
rise to the above trends,, there are not enough reliable data at present, 
it is known that there was a repetition of the movements in post-Delhi 
times along the Aravalli axis. There is some evidence in Gangpur in 
Orissa that the rocks have been affected by an earlier movement, pre¬ 
sumably the Eastern Ghats orogeny, for the iwrphyroblasts of garnet and 
mica originally formed in the schists are found to have been jiartly rotated 
by the later Satpura movement. The mica schists have betm mostly con¬ 
verted into phyllilcs of a lower grade of metaniorphism by the later moire- 
ment. with the consequent reversion of some of the fenxtmagncsian mlneraJs 
to chlorite, magnetite, and iron-ore. 

Prof. A. Holmes has investigated the ages of uraninite from a pegmatite 
in the Gaya district belonging to the Satpura belt of Bihar, and of uianinite 
and monaaite from post-Delhi pegmatites of the Aravalli belt in Kajasthan, 
From the uranium-lead ratios it was found that the former indicated an age oi 
955^40 million years and the latter about 735 million years. It is clear 
froirTthis that the pegmatite associated rvith post-Delhi orogeny is much 
younger than the pegmatite in the Satpura belt. The Aravalli 5rountain 
building movement was much earlier than the post-Delhi movement, but 
no data ate available regarding the age of the former. Tlw investigation 


58 


GEOLOGY t>r JS1>|A ANU BURMA 


ICHAK 


nf sAiiiarskite from the mica pegmatites of Nelloro has gi\'en aji age of 1500 
to 1750 million years with an avciagc of arooiid 1650 iniUioii years. Some 
allanitcs from the pegmatites intrusive into the rc^cks of the Eastern Ghats 
of Anakapalle near Visakhapatnam have given an age of I5S5 miLlioo 
years^ which is fairiy dose to the age obtained for the Nellore pegmatites^ 
It is also leamt that detfitaJ mona^ite derived from Eastern Ghats rocks 
of Cuttack in Orissa liavA^ yielded an approximate age of 1570+70 miUion 
\^rs, Monazite from the Rangalore district, investigated by Holmes, 
gave an age of 2300 — 100 million yearn while galena from Chitaldmg m 
Mj'sore belonging also to the Dharwarian Iwit gave an age of 2450 + 100 
million years* From these data a rough succession of the ages of the |>eg- 
matit^ associated witli the various orogenic belts vViis worked out b^- Holmes, 
'l+is has been mcwlifierl i\ Mahadevan as shown below (Curr. Sci. 24* 
73^75. 1955) t" 

^'indh3'an 


735 + 5 M.Y* 

Delhi Cycle { ^ Cuddapah ?) 


955 + 40 M.Y. 
Satpnra Cycle 


1625 + 75 M,Y, 
Eastern Gh<its Cycle 


2300 + too MX 

Dharwar Cyde { =7 AravaJJi Cycle) 


ll is now generally accepted that the time which has elapsed since' 
the Ixgmning of the Cambrian is of the order of 550 million years* We 
know' also that the sedimentary^ formations have been laid down for a long 
but unknoivji stretch of time before that* During the period since the 
Ifcginning of the Cambrian^ there have been three major periods of mountaia 
Imilding, namely the Caledonian, Hercynian-Variscaji and Alpine-Himalayart, 
in the Euncsian continent and elsewhere, though differing id time and in 
duration in s’arious parts of the world* The time interx'al between each 
pair 15 approximately 200 to 250 miDion years. have not enough 
information to decide whether this time intersal can lie adopted as an 
average betv%een successive major orogcniis in l%e-Cani!>rian times* If it 
is, w^e are likely to find e^-idenccs of orogenic activity at other periods, for 
instance between the Dharwarian and Eastern Ghats cy'dea* 

It wtU be noticed that there ts a considerable difference in age 
the cdjyoor (BaiigaloTie) and Nellore pegmatites shomng that the latter 
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ire much younEcr the Oharwarkii pegmatites of the (omier. This 
interval is laige enough for at least one important diastrophic t>rtf to have 
taken place. 

The Mahanadi strike is noticed also in the rocks along the sea coast of 
Visakapainam district. It would appear that these rocks are cut across 
by the tastem Ghats nearly at right angles, a few miles inland (rom llie 
•coast. \Ve have no data at presetit on the age of the rocks showing the 
Mahanadi strike, but on the presumption that they are older than the 
Hasten! Ghats, We may perhaps assign them an age between the Dharwar 
and Eastern Ghats cycles of mountain building. 

The northtTii bonier of the peninsular mass is covered to a large extent 
by the thick alluvia of the Indo-Gangctic plains which cover a large part 
of the original Tindhyaii basin. The configuration of the mountain belt 
along the northern, north-wcsteni and north-eastern borders of India indi¬ 
cates that there are two important wedge-like masses — one dircettd north¬ 
west from Punjab tov^ards Kashmir and the Pamirs and the other in the 
north-east direction from opjKr Assam towarifa S.W. Chinn. There are 
also three minor wedges in the Baluchistan arc, one directed towards 
Kalabagh at the western end of the Punjab Salt Range, and the other two 
towards peni-lsmall Khan and Quetta. 


THE ASS;\M WEDGE 

ITifi .Win plateau, whose outlying part is the Mikir Hills, consists 
mostly of Pre-Cambrian rocks with a thin mantle of Tertiary rocks along 
its southern borxler. Near the western end of the plateau, the rocks show 
the continuation of the Satpura trend w'hile more to the east they show 
the Eastern Ghats trend. The plateau is now separaterl by a strip of 
a11u!num from the nearest Archaean area in C'liota Sagpur. It seems to 
h,Tve beoti uplifted and fauUed during the Tertiary, the uplift being mainly 
of Miocene age, as a result of pressure both from the north and from the 
east. The .Jirchaean rocks of the plateau apparently continue to the 
north-east as a wedge, for its effect is felt beyond the Sadiya region where 
there is a remarkable hair-pin bend in the strike of the geological formations 
which turn from the Himalayan art into the Burmese arc. This critical 
region is unfortunately little known because of its iiiaceessibiiity. Though 
the frontier tract of the Mishmi hills show^ highly metamorphosed Arebacan 
nicks with N,W.-S.E. strike, there are sedimentary rocks lo their north¬ 
west as well as to the south-east. It is of interest to note that tlw motin- 
t.ijnons TPgfon of S,W, i'hina contains the sources of all the great rivers of 
south-east .\sia, including the Chindwin, Irrawaddy. Salween, Mekong 
and Yaagtsc, which run parallel for some distance and then diverge widely 
And finally flow into Indian Ocean on the one hand and into the I’acifir 
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on the otIkT. The courses of these rfvere anc dctcrtnined hy the slructure 
of S,E, Asia in vvhich the Assam ivetlge has played a very important p;irt. 

Along the western and southern Iwrdeni of the Assam plateau there 
are Cretaceous and Tertiary rocks ivhich are oeer-thnist from the nortli. 
This zone, when, followed to the east, passes into a ntonodinaE fold, the 
southern limb of which dips rather steeply into the alluvial plains of East 
[k!:ngal. Further east, the fault koiie takes a north-easterly direction and 
merges into, the Haflong-Djsang thrust. The overthrusl in this area is 
however from ISumja sidt? find it marks the north-western limit of the 
Disang Scries of Eocene age. 

Eastern rVssara is marked by numerous parallel imbricating thrusts 
directed from the ade of Burma towards W.N.W. or X.W, The last of the 
thrusts hordcriiig on the plains of the Brahmaputra is calletl the Kaga 
thrust. Several producing oU wells uf the Digbiai field are in strata cut off 
by the Naga thrust. The northem border of the Assam plateau is faulteil 
and presents a well marked scarp tovraids the plains. The Braliinaputra 
flows through a trough between the Assam plateau and the Himabya 
mountains, tlie trough being of tectonic origin and being tlie easterly 
continuation of the fore-rioep in front of the mountains. 


rffE KASHMIR WEDGE 

A similar effect is produced hy the Punjab-Kashniir wedge in tin.- 
noTth-west, but tlie ancient rocks here arc almost entirely buried under the 
alluvitim of the Ihrnjab rivers, esicept where a few outcrops occur, ns in the 
K iron a and Sangla hills. From geodetic observations it is known that 
there is a buried ridge continuing north-westward fmm near Delhi towards 
Punjab Salt Range, the above-meutbned hills Inung local projections of 
this ridge above tlif allu\'ium. 

The Pot war plateau of western Punjab is a synclinal trough (Soan 
Sjmcl inc) having its a.\is along E .N,E.-W,S.W, direction. Along its northern 
border are the Kala-Chitta and Margala hilLs which show tightly folded 
isoclines. The tsone to the south of it also contains dose-set folds with 
numerous strike faults. The rocks CNposetl Ir the synclinal trough are 
mainly Murrees and Siw-aliks, hut along the southern border there are 
Eocene rocks w-hich are underlain by Mesozoic and Palaeozoic rocks. This 
southern border, which represents an overt hrust limb, shows a well marked 
scarp against the plains of Mianwali. In this |>art of the Salt Range there 
appear salt, gy'psum and dolomite beds in x'arious stratigraphic positions. 

Tlio eastern end of the Salt Range k affected by tlie presence of the 
Kashmir wedge and the rocks turn sharply northwards. The most con- 
unncing evidence for this wedge L<; the spectacular hair-pin hend (synta.'cUj 
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of the geological foritiationa in north-west Kashntir (Wadia. 1931)+ Oa 
both the aims ol this bend the geological formations have a N.W^-S.Hr 
strike but the south-^^-estem sick swcg^h down in a broad arc into Hazara 
and the N.W. Frontier Province. Lt is noteworthy that in this bcn+3 tile 
overthmsting of the rocks is directed from both skies towards the central 
axis. The effect of the wedge is seen as far north as the Karakoram- 
jlintlo Kush monntaJns and the Pamir region. It is known that in the 
Alai fringe in Russian Turktstan two different periods of tokting hav e been 
recognised, the earlier one being connected with the Variscsoi ruvolution 
which produced the Tieivshan and the Karakoram Rank's and later one 
connected with the Alpine-Himalnyan revoliitiou. 

Till-: PI'ICAXA FOKMATfONS 

Lying over the Archaean gneisses are hasins of fudda|iah and \ indh van 
rocks, which are referable to the upper Prc-Cartihrian, perhaps extending 
into the Lower Fambrian. Some of the Vindh>iin beds have jielded 
microscopic rrn^ains of plants and also some discoiclaJ impresstons which are 
considererl to be priniitive fossils whose exact nature is still in doubt. These 
rocks are exposetl in three main aieas- fl) The Cuddap^di basin of .An<lhra. 
{2) the Qrissa-Chattisgarh region and (3) the great \ indhyan basin ex¬ 
tending from Basatam in Bihar to .\gra in I' .P. and Chitor in J^ajaslhan. 
The Cuddapah basin is coiispicuouidy crescentic in outline, the concave 
eastern margin being highly distUTbed and folded. This basin contains 
Ijoth Cuddapah and Kumool fonnations, the former being somewhat more 
disturbed than tJie biter. The Cuddapahs contain also intnisivc b;isic 
igneous rocks in the form of silk. The eastern margin of this basin has 
been disturbed aloog the trend of the Eastern Ghats. 'I'his may be due 
to a rejuvenation of the Eastern GhaU in post-LuddatCih and pre-Kiimcwl 
times^ corresponding roughly to the p>st-Delhi movements along the 
Atavalii axk in Rajasthan. 

In the e.xposurcs of eastern India which have not been sttuliwl in any 
cktaih both Cudda^iah and Mndhy^an rocks are presumably represented. 
They consist of a number of outcrops now isolated from each other. The 
more eastern outcrops have been subjected to disturbances prolvably con¬ 
nected with the Eastern Ghats orogeny. A few isolated patches of Ihimna 
rocks also occur along the frf>davari^ Krialina and Bhiina Valiev'S ol Hydera¬ 
bad and southern liombay. In the last of these, the Kaladgi formations, 
which are presumably the equivalents of the Cuddajiahs, are said to be 
intrudetl by granites, 1‘he Pakhals of the CkwiavTiTi valley near Singareiii 
are also oonsiderecl to be of Cuddapah age, but Dr. Mahadevan regards 
them as earlier. It is not improbable that the CiiddapaKs and their 
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lents iia%e been affected by earth iMOvenients and iiilnii^uiL^ in 

certain Mstricted areas, leaving nthere nnaffocted* 

Ihc Great VimUiyaii Basm of Northern India Docu^^ies a lar^e semi- 
rircolar area to the east of Ihe Aravaili axis hut sonie I'indhyan rocks are 
found also to the west of tli*^t axis. The t otal area oociipfed by the Vindhyan 
liasin is of the order of 4O.Q0Q squan^ miles* This haslii has also a cres¬ 
centic outline, the northern maripq being concave and cnctosbig the Bunticl- 
khand granite or being coveried over by the Ganges alluvaum. Along the 
western nunpn of this basin is a large reversed fault [the Great Boundary 
Pault of RajastIran) which Isnngs the Arai'nllis on the western side against 
the upper Vindhyan Bhander sandstones oij the eastern side, and which 
has been traced over a length of 500 miles. 

The iii<lhyaiis in this liosiii consist of two major di^'islons, the lower 
luring the Semti Series which is intruded by basic lavas and appreciably 
-iJtsttirbed by folding and faulting. The s<>uthetn and southH^tern edges 
of this large baasm are more distiirl>ed than thr other edgcK, e-Xoe|it for the 
reversed fault mentioned above. The rocks which originally belonged to 
the northern part of this basin are now part of the Syb-flimalayan region 
of U*P., but it would be impossible to identify them and esitablish tfioir 
relationship with the Vlndhyans because of the fact that l^ub-lJimalayan 
area is far removtxl from thr Viiidhyam hivsin and has been involved in the 
Tertiary mountain building mov^rnts. 

It may be inenticned here that the Delhi formatk>nji of Kajasthan 
M ere strongly compressed^ melamorEjhosefl and intruded by igneous roeks 
while their equivalents in other areas were affected comparativety mildly. 
Even the Lowr Vindhv'ons of lln? Sone valley Jiave been sub|i<!€tcd to folding 
aral intRisiou of basic lavas because of which it is arguable that they mav 
the e<|uiva]ents of ^larts of the Delliis or Cu^ldapi'ihs, The upper 
Vindh)"ans and the fvuniODls arc practically unaffectf^l hy earth movements. 

There arc no forroatjoiis in Peninsoiar India between the Mndhyatis 
(which are proliably early Cambrian in age) and the pt riod of glacktion 
in the Tpper Carboniferous, During this inten'al the pcuiinsuLa was 
generally undergoing cienuclation and was not affected by' any earth move¬ 
ments. If any deposits had been laid iloM'ii in the Peninsular area <luring 
thi.'s period, they should have been completely rt'mo^ietl hy erosion. 


THK GONDWAXA ITJRM.\TI0NS 

Sedimentation during the Gondwana wns injtjati.-d by conti¬ 

nental ice sheets which covered large parts of the southern liemisphcrc* 
The gladal deposits of the period am the Talchir ti Hites add their eqniva- 
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lents, which are found not only^ in vnnous parts of the Peninsula hut also 
in the Salt Range, Hazara and several places in the Sub-Htinalayan jsonc. 

Tlie glacial deposits were foUowed by the Damuda formations wluch 
contain all the workable coalheJds in India exeqd those of Assam, The 
romialiort of thick coal seams during this period is indicative of the dis¬ 
appearance of the glaciaJ oonditlons and an amelioration of climate, which 
is dedncMl to have l>ccii cold-temperate, from the diaractefs of the flora. 
The major exposures arc found in large faulted blocks along ihc Damodar* 
Sone, the Mahanacli and ihc Godavari ^‘alleys. Similar exposures containing 
coal seams are also found in several places in the Leaser Hunala^’as of 
Nepal. Sikkim, Bhutan and Assam. In some cases, as in the Rangit valley 
in Sikkim, in the Suhanstri valley and in the Sela agency in the 

plant-bearing strata ate associated with marine: formations containing 
Spin/er, Ckimcfes, Euryd^sm^, Comdarta, etc. These therefore indicate 
the position of the northern borderof GondwanaJand in the Sub-Himalavaii 
region. It is likely that-the area between the major coalfields of Eastern 
India an<l Himala^nn region, which is now occupied by the Gajiges and 
Brahmaputra basins, contains some coal-bearing strata but these w^otild 
he at a deptl^ of several thousand feet under alluvial and Tertiary strata. 

At the l>eginnmg of the Gonrlwana era there W’as evidently an anu 
of the sea e*\tending from Rajasthan and Cutch into the Narmada valley. 
We hnd a couple of small patches of marine strata of Pcrmo-Carlionifeitius 
:ige neiir Umaria. These marine beds overlie Talchir tillites and are in 
tiim ovcrlaiii by Bamkar strata. Ft is likdy that careful search may 
re'^ eal other pi^tchcs of marine Permo-Carboniferous rockx. 

The glacial conditions during the Upper Carboniferous in India and in 
other continents followed the great orogenic ilisturbances known as the 
Variscan or licrcynian revolution, which affected large parts of AsLi and 
Europe and w hich w^ responsible for the rise of great moimtain raxigcs 
such as the Western Altai, Tien-shan, Kiin-lnri, Karakonim, Naii-shan 
and Tsin-lin. This revolution also brought into existence a great Medi¬ 
terranean sea extending from the regkm of Atlas mountains and P>*rcnees 
in the west, through the areas now occupied by the Alps, Carpathians, 
Caucasus, the mountains of Asia Minor and Iran into the Himaia^'as and 
further east into Burma-.^iakan-Andamans and the southern border of 
the East Indian Archipelago, The sediments which were laid down in 
this great Mediterranean ocean, which was named the T^fihys by E, Suess, 
\vere later compressed and raised up into the mountain ranges )ust men¬ 
tioned. The histor^^ of this Telhyati geosymcline vrill be dealt with in 
some detail below, 

in parts of Kashmir, the Hercynian revolution pro^iuced land condjtkins 
and there were great volcanic eruptinris whose products are uow the Panjal 
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TrajM. \Y\ih these volcanics arc also associated the Agglomeratic Slates^ 
with inteixaJaUoiis of marine strata with Upper Carboniferous fossils. 
1‘he land conditions in Kashmir oontintied thronghout the Permian and 
well into the Triassic, permitting a certain amount of inter-migration of 
plants between Indies on the one hand and AngaraJand anil Cathaysia on 
the other, probably through the Pamirs and i'crgliana. It k known that 
continental conditions prevailed in Ferghana from the Upper Carboni¬ 
ferous to the Jurassic or even up to the Lower Cretaceous ; there were alsis 
land conditions in parts of nortliem Iran and Afghanistan, 

After the coaJ-beariiig period of Lower Gondwana age* the climate 
liecadie gradually dry in many parts of Gondwanaland including India, 
as evidenced by the deposits of the Immediately succeeding period whidi 
are rod santistones and claj’s deposited under arid cunditioiis, containing 
the remains of niniphibians and reptiles. The deposits of this period ate 
iiiainl}' conhned to the central parts of India but include stratigraphical 
gaps whose magnitiides are not knowm with any precision^ After this 
dr>' period there w-as an improvetnent of climate again as shown by the 
presence of carbonaceous matter and erv^en occasional coal scams in the 
Upper Gondwana strata. The Upper Gondwanas, which are mainly 
Incustriiic and fiuriatile, are fairly widely distributed in the Central parts 
of India as well as in Gujarat* Kutcli and several areas along the eastern 
coast of India, The flora which ffotirished during this period is charac- 
tii'riseii by Thhittfcldfu and PfilopkyUurn which att^sined prominence durin^^ 
the Jiiras^c and spread over the greater part i‘»f the world, replacing the 
earlier floral grinips. 

The chief Ci)a||ielc1s of India owe their preseri'atjon to block faulting. 
Tht‘ faults appear to be Upper Triassic or Low'cr Jurassic in age. The coal- 
bearing rocks are traversed by dykes of doleritc which are similar to the 
Kajmahal traps and also h^'^ dykes and sills of mica-lamprophyre. Et is 
fxissjble that the block faulting was partly contemporaneous with the 
eruption of Rajmahal lavas and intnisioti of basic and ultra-basic dykes 
in the coalfields. 


The Elxtrsi-PenInsular Region 
THE HIMALAYAS 

Kashmir,-In the Himalayan region, at least three major thnist 
xoncs are recognjscfl in the rocks of the Siwahk and Lesser Himalayan 
zone$* The soothemmost of these thrust zones is generally di'Signatisd as 
the Maiit Bftfmd^ry FattU which usually separates Siw aJiks fr^im the earlier 
Tertiarv' and older rocks. To the north of the Tertiary Inrlt in Kashmir 
is the autochthonous zone containing sethment? of all ages ranging from 
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the Cart>QnifieroiJs td the t^ucetie^ the ^imedts having been fobbed and 
thnist over the forelimd^ This thrust is called the Murr^i thrust. Beyond 
this is the xone of nappes in ^ hicli two or more im[)ortanl thrusts are known 
to lie present. The nappe zone shows Palaeo^ic and MvsosKJtc rocks which 
have travelled some flistance from their original sites of deposition. 
Further to the north east is ihe Central Himalayan range consisting of 
sediments iiitrudetl hy large rnttsses of granite, prc^umahly of Lower Tertiary 
age. 

Slmla-Corhwat--li3 the Simla and rrarh^vaJ regron, which has been 
mapjied by I'ilgHm,. West and Auden, the Main Boundin' Fatdt separates 
the Middle and Upper TertiarA' lieds from the Loader TerthiTies which 
tia%'e thrust over them. The tapper Tertiaries which occupy a licit 
over 60 in width in Kangra, become much narrower in the area south 
of Simla where the belt is barely 15 miles wide. The Tertlaries are se^ 
imrated by pre-Tertiarv' rocks of the aulochthonous belt by the Krol thrust 
Avhich may be considered to W the eijuivalont of the Murrec thrust of 
Kashmir, North of this is the zone of nappes containing the Jutogh and 
Kjin thrnsli^ Further north is another iinpurtaiit thrust called the Chaii 
thrusts Gfiinitic intrusi^es are found in the nappe zones of the Central 
Himalayan range which exhibit several klippen of highly metamorphosed 
andent rocks resting on li^ss rnctamorphused and iinfossiliferoiis Palaeozoic 
and Mesozoic rocks. 

East and south-east of Simla, the same structural units arc found In 
<jarhwaL Here the Main lioundary Fault separates the Siw'aliks from the 
zone of Simla Slates, overhiin by Xummulitk and other Lower Tertiary 
strata, lliis zone is thnist over by the Krol nappe which contains rocks 
of varituis ages from the Fre-Comhrian to Mesozoic. 7"he Krol thrust 
unit is overlain by the Giri thrust. I'urther north arc other nappes w^hich 
liring highly inctaniorphofa’t:l IV^.ambriaii nicks over the Krol bdt and 
whidi have thdr r<iots in ihc main Himalayau Hang?^ fnim where they 
have transported granite. Fiuth the Krol and Garhw'aJ nappe units arc 
foldcrl. These thnists arc pr^^bably of Miocene age as they occur over the 
Nummulitic rocks. 

Nepal and the KiLstem Himalayas hav^c ycl to lie e.xamincd in detail 
hut our present knowledge enables us to say that the structures present 
there are similar to those of fiarhw'al and Kashmir^ In Nepal, the LoWw 
Siivnliks are separated front the \fiddle and Upper SiwTiJiks by a thrust, 
while the Terti.aries are over-ridden by pre-Tertiaiy rocks by another, 
as seen at Sanotar, Still another thrust brings the Pre-Cambrian Dar¬ 
jeeling Gneiss over the above-mentioned zone. 

Central Himalayas- - According to Helm and Gansser, there are at 
least four superimposed thrust sheets in the Himalayas of Garhwal 
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over the ^iiniiiT.iilitijd tocks. The synclinal of Nainital U the continuation 
of the Krol belt. This is ihrust over by the gneisses md srhLsts of the 
Ramgarh region and this again by the cry'staHinc schists of Almoni. The 
noTtlvemmost is the Tejam zone which may possibly represent ibe Krol- 
Tal successiDn of rt 3 ck 3 + Beyond this agtdn is the crv'stalline zone of the 
CentraJ Himalayas and then the Tcthyan belt- The last thnist in this 
zone contains Cretaceous flir^h sediments associated wiih the exotic lime¬ 
stones of Permian and Mesozoic age^ and witli basic intriisivcs and lava 
flows. 

Bei^ond this exotic zone is anolher sedimentfliy' belt containing rocks 
assigned to the Chilamkurkur and Rakshas Series which are dominantly 
shaJy and of Mesozok age. Still further north is Darchen zone associa¬ 
ted with igneous rocks„ hut these rocks are thrust in a north-easterly 
direction (therefore considered to be a counter-thrust), over the Eocene 
conglomerate of -ifount Kailas which occupi^ a wide bcit* Beyond Mount 
Kailas is the Trans-Himalaya Range containing Mesozoic and earlier giraniti"S 
and metamorphiics. 

SiutimarisingK we may say that the following units or zones have t)cci> 
recognised in the HLuialayas from south to north 

il) Main Boundary' Fault of the Siwalik zone 

(2) Imbricate thrusts of the Himalayan border 

(3) Thnists of the Lesser Himatay'an belt 

(4) Central Hlmala)^ thrust in which Slount Everest and 

Kanchanjunga are included 

(5) Thrusts of the Tethy's Himala>~an zone 

(6) Thnist of the flysch and exotk zone 

{7) Countcr-thmst of the Darchen zone 

In the vast, the Himalayas terminate geographically at Namcha 
Barwa peak but some Ihink tlmL the continuation of the menntains should 
be looked for in south-west China. Though the region beyond Upper 
Assam k Little known, the a^^Lable knowledge goes to show' that, geologi- 
caflyt the Himalayan formations turn sharply to the south and form the 
mountains of Bunna and Arakau which wiU be referred to here as the 
Burmese Arc, At the eastern end of the Himalayas the rocks exhibit a 
north-easterly strike [ they then turn sliarply to the SDUtb-east and finally 
to the south-west and south. Beyond the [ndo-Burma frontier and the 
central belt of Burma, lies the Shan region whkh is geologically a part of 
the Ynnnan-fndo-China province and which was brought to its present 
position only in post-Cretaceous times. 
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THE BL RMElSI; ARC 

This Arc cotiimenccs 5ome distxtnce to the east of the easteni tenni- 
niitioii of the Himalayas and sweeps in a broad curve through the Ixmndary 
region betivecn India and Burma, the Aiakan region and the Aiidannan 
islands into the Indonesian Arichiph?Iago, It is oDn'^'ex toivards India 
CNcept for some length in the Arakan region where it is slightly concave. 
The southern part of this Arc is largely submergetl in the Bay o^ Bengal, 
the Andamans and Xicoljers Ijeing really the unsul^merged peaks of a group 
<yf ridgeSn 

Our knowledge of geolcsgy' of the Assam-Bnrrna border is very' sketchy. 
Btit it is generally knowm that it con tains Isoth Mesozoic and Tertiary rocks 
intruded by granite and ultra-bask: rocks. This motintainous region is com- 
fK> 5 tKi of a series of aver-tlimsts directed tow^ards [ndia, including the well 
known Hailong-Disang and Kaga thrusts. The Digboi Oil Bvld is located 
ill the last anticline cut off by the Naga thrust at the bonlerof the HraJima- 
putra plains. 

Inside this Arc and parallel to it is the main volcanic containing 
the Tertiary and recent volcanoes of the Jade Minos area, l^nncK Tharra- 
w'addy. Barren island and Xarcondam, continuing into volcanic sonc of 
the southern edge of Sumatra. Java and other islands of the indonedan 
Archipelago^ This zone shows faulted junctions both against the eastern 
border of tlio Burma-Arakan mountain belt as w ell as the median Tertiary 
belt of Burma. .Most of the volcanoes in this zone were active in the 
Upper Tertiary and some in Plcistooene times^ The median Kelt of Burma, 
•composed of moderately folded Tertiary rocks, contnins all the important 
Burmese oil heliis. This region w'as occupied by a gulf during the Tertiary 
times and was gradually lilleti up and later gently folded. The rocks are 
thereforu of fresh w’ater to brackish water origin in the north +and murine 
in the south. There are stratigraphical breaks in the Upper Eocene and 
in the Miocene, Along their eastern margin^ the Tertiary' rocks are faulted 
against the more ancient rocks of the Shun plateau. The scone of function 
contains another line of volcanic rocks—c.g.* Iiasic and inlicrme<iiate lavas 
of Kiihwei and Mandalay and the rhyolites of 'rhaton. 'flu* Shan plateau 
consists of Pre-Cainbrian. Palaeozoic and some Mesoscoic rocks, intmdetl 
into by Prc-Camhrian as well as Jurassic granites. This granite lieJt runs 
from Bhamo and Mogok in the north through Yaniethiti into Tenasserifn 
and the Malay States. The Shan region is geologically allied to Thailand,^ 
IiidchChina aiifl Indonesia. 

THE BALUCHISTAN ARC 

The NonhAvestem Arc commences beyond the western end of the 
Himalayas which culminates geographically at Nanga Piubat. .\s w-e have 
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already setn. the gcotogical formations here hend roiiod sharply and 
procfjed htst 50 Uth-ca_st\vardfi and then southwards and south-westwards 
into Hastiirii ati<l I lie SnLiiman-Kirthar f^angies on the border of the Punjab 
and Sind on the one hand, and the NAVJ^Fk and Baluchistan on the other. 
Part of it branches of^ and goes into the Saled Koh mountains of Afgha¬ 
nistan. tt will Iw noticed that in contrast with the snuDOth Rowing curv'e 
of the Burmese Arc^ the BaUichistan Arc show’s three conspicuous festoorts; 
because of the gathering up of the strata in the Dehra EsmaiL Khan and 
Quetta regions. In this Arc, the over-thnist of the strata is from the 
north-w'est and xvest, r.r., towards India as in all other cases. The festoons 
are to be attributed to the presence of submerged w^edges of ancient rocks 
under the Indus alluvium projecting tow’ards the north-west in the areas 
mentioned^ On the concave side of Uie Arc are the Mnrree and Siwaiik 
sediments deposited In brackish to fresh w-ater environment, while on the 
convex side, in Baluchistan, are marine strata of various ages* 

In the Xorthem \^rt of the Baluchistan Arc in trazara, we find two 
se«iimcntar>^ facies Ipng side by side and havii5g a general X.E.-SAV. 
ttetul. The north-westciTi fades is of the Himalayan type in which the 
rocks resemble those of the Tethj’s Himalayan zone of Spiti and other 
places. The south-eastern fades continues dowm into Sind aud Baluchistan 
and is dominantly calcareous, for w^hich reason it is called the Cal€ari£On$ 
Zone. This Calcareous Zone is found along the mountain chains foiming 
the boundarv^ between Sind and Baluchistan and contains rocks extending 
in age from Permo-Carboniferous to Eocene, Tliis zone strikes Into the 
sea at Cape Monze near Karachi, but turns to the S.SAW forming a series 
of ridges underneath the waters of the .Arabian sea and continuing towards 
the Oman mountains in Arabia. 

Two other litholGgical belts paralkd to the,Cdcareous Zone are re¬ 
cognised in Baluchistan, The zone which lies a few miles w-est of the 
Calcareous Zone consists of closc^'set parallel ridges composed of greenish 
flysch sandstones and shales of the t 3 -pe of Khojak Shales. This may 
therefore be termed the Khojttk Zonr. It includes the Zhob vaUc 3 ^ Khwnja 
Am ran and Sarlat Kanges, the western part of Sarawan and Bela 
and continues southw'ards into Mekran and the southern border of Iran. 
The third zone, which im\v be tailed after Ckagai^ lies further wt^st and 
includes the Kushki area and Ras Kuh Range^ consisting of ancient igneous 
and metamorphic rocks as well as Tertiary" sedimentary strata intercalated 
with basic lara flowri. There are a few recently extinct volcanois in this 
area and one of them, Koh-i-Taftan, is said to be still active. 

On the Pakistan side of the Calcareous Zone of the Sind-Baluchistan 
border thercf are Upper Eocene, iMumee and Siwalik strata, but when 
MIow'ed sonthvmnla they become predominantly marine in Sind. This is 
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bccaiis4;? there was a giiJf in this region which M“as gradually filled up from 
the north during the Middle and Upper Tertiary' period. 

'the Khojuk z&ne and putt of the C hagai zone of Baluchistan consist 
rnaitdy of Tcrtiaty rocks corresponding in |>osition to the median belt of 
Burma. Rut the rocks of Baluchistan appear to be much luore folded and 
disturbed than those of Burma, which might c.^p!airL the general absence 
of productive oil fields in Baluchistan. 

THE PREXAMBKIAX 

The Pre-Cambrians of the Himalayas represent ancient rocks which 
were originally deposited in the rigiou lying to the north of India. They 
consist of a group of metamorphosed sediments corresponding to the Delhis 
and CuddapaJis. Tlie Great \lndhyan Basin of Northern India must 
originally liave estended into what is nowr the Sub^Hinnalayas of U.P. 
and Nepal and the deposits of that basin comprise some of the PreXambrian 
rocks of this region. These rocks have been given various names in the 
different arc^^Salkhaia Series, Dogra Slates and Afctock Slates in the 
Kashinir-Hazara region^ Jutogh and Chail Series and Simla Slates in the 
Simla region ‘ l^aikrita^ Martoli and liaimanta Series in Kurnaon ; 
Darieeling, Doling^ BuMa and other Series in the Extern Himalayas. These 
ancient rocks are g^crally bordered by Siwalik strata towards the North 
Indian plains, except in the Darjeding region where the Siwaliks are absent. 
As is to be expoctccl, the stratigraphy of these rocks is complicated by 
thrusts and inversions so that their relatioiiships are difficult to decipher. 

There are no ancient rocks exposed in the Baluchistan Arc except 
ill the north where a branch goes into Afghanistan, Similarly, the ?one 
of ancient rocks in Burma almost entirely confined to the Shan-Tenasserim 
licit. 'Die schistose rocks of the Mvshmi hills region in the Sadiya frontier 
tract may l>e tile continuation of the Pre-Cambrian rucks of Assam, 

THE PALAEOZOIC GROUP 

The Cambrian formations are devdoped in the Himalaymi arras 
ol Kashmir and of Spili \^ey^ In the Central Himaia}^, they are 
repix^sentcd by the Haimanta S^^tem and by the Garbyang Series. No 
Cambrians have been found in Burma but there arc rocks of this age in 
South-west China and in the Vangtse gorge. The fauna characteristic 
of Himalayan areas arc also found in North-w^tem Australia and ^uth 
Auiitralia as well ns in South-west China and Iran* The succeeding 
Ordovician and Silurian Systems arc found in Kashmir and various parts 
of the Tethp Himalayan zone and also in South-west China and the 
neighbouring parts of Burma, but there is a difference hetw'cen the fauna 
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of ih(j Himalayan TFgion on tlio one hand and the Buima-China region 
on the other. The former is characterised by corals and braehiojKxLs 
which show markwi affinities with the fauna of North Animcaii rocks 
but the Hurmesc rocks are characterised by graptolites (and no corals) 
having affinities with those of tlic Baltic region. The Australian fauna 
of this period also has affinities with that of China. 

In the succeeding Devonian period, the Muth Quartzites were formed 
in the Hiniabyiis but thert are limestones in the more northerly areata 
such as Chitral. Afghanistan, Turkestan, etc^ The Devonian of the Shan 
States of Hurnia Is allied to that of South China and also of Eastern Australia 
where there was much volcank activity. The iKiiricr which existed in the 
earlier PalxieoHuc l>et\veen the irimalaj-an basin and the Burma-ChJna 
liasin seems to have broken down about the Middle Devonian, for after 
that i^eriM we find a common fauna in the two regions. 

The Lower CarboniftTous shows marine deposits in vaiious part^ 
of Ihe Extra-Peninsula. The rocks fndnde limestones with Syrin^^hyrh 
and ftficstrllu. The estuarine ai^d fresh^water sediments of this i>erbd 
contain the Rhacoptcris flora, which is found in the Spiti valley as well as 
in .Australia. 

The Middle to Upper tiirbonilerous period was marked by great earth 
movements which brought about considerable changes in the distribution 
of land and sea. The great Mi?diterranean oceaUi extenciing from South¬ 
western Europe and Korth-^vestem .Africa through Southern Europe 
into the Himalayan region and farther east, was formed during this }icriod. 
Several of the great mountain ranges of Central Asia were raised up, in¬ 
cluding the Karakorum mountains whose tounclation, so to say, was laid 
during this time. There were extensive marine transgressions in the 
Himalayan region for we lind the Muth Quartxites or earlier Palaet)3^ic 
formations overlain, with the interv'ention of an unconformity, by Permo- 
Carboniferous marine rocks. The TetliV'S extended through what is now 
western Burma and the southern parts of the Indonesian LslancB into Nkw^ 
Guinea and eastern Australia, An arm of this sea probably extended into 
western Australia. This sreat geceyncline persisted throughout the 
Mesozoic but became gradmdlv drietl up in the Tertiary by being compressed 
and raised into mountain ranges. India lay, during this period, to the 
south as it vvas jiart of GondwanaJand. 

The Herc>Tiiari revolution was followed by e.xtensive glaciation in 
Gondw^aland, the earlier deposits of (he Upper-Carboniferous being 
generally tidites in the southern continents. In the geosynclinal regioiii 
marine beds were depo^iited containing Eufydesmn, ConutiMria, 
and other fossils. The land regions in the northern hemisphere were 
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thanictciised by three flor^tl groups which were different from the GJi>s- 
sopteris (lora. The area to the ea^t of Enrha supported the Gigantoptery? 
floni, wherejs that to the north and north-east was characterised hy the 
Angara flora. Land connection through Kashmir permitted a certain 
amount of inter-migration of flora between India on one hand and China, 
Central Asia and Siberia on the other. The Kashmir region itsielf shows 
intercalated pyrochistic deposits and sediments containing Glossopteris 
flora, fishes, amphibians, etc. Afaiinc deposits were laid down in many 
parts of the Himalayan region as well as in the Salt Range. The Sub- 
Himalayan belt is now known to contain tiltites as well as PermO'Carbonb 
ferons marine strata in f^ikkim^ Bhutan and further east so that we are 
enabled to deduce that Gondivanaland met the Tethys in this region, 

THE MESOZOIC GROL:i‘ 

The Mesozoic strata are well developed in the Tcthj’s Himalajan 
?ORe Ti^hich is exemplified by the Spiti valley. Similar deposits extend 
idong the same zone north-v^estward into Kashmir and south-eastward 
into Nepal, The Triossic System consists of the Chocolate Series, KaJapani 
Limestone. Kuti Shales and the Kioto Limestones, hut Ln the Btinticse 
Arc these arc represented by a part of Axial Sv'stem ahKimt which few details 
are available. In Malaya and lknTieo+ there are marine de|>asits accom¬ 
panied by radiolarian cherts. Mountain building movements were active 
in the neighbouring areas of South China, IniicnChina* and West Celebes, 

In Madiigoscar, which h now separatecl from India by a latge stretch 
of the [ndian Ocean, there are glacial deposits of Upper Carhotiiforous 
ago follow^-d by coal measures, but no PhLaeozoic rocks are found below 
the tillitcSv Permian rocJts are developed both along the western coast 
of Madagascar and the eastfiirn coast of East Africa. Because of the close 
resemblance of these strata to each other, it is thought that Madagascar 
originally lay close to Kenya and Tanganyika. It wiould appear therefore 
that a rift developed between the African mainland and Madagascar in 
Lower Permian times as there are no marine mcks older than l.ower 
Penniaii in the latter. The succeeding Triassic deposits in Mailtgoscar are 
mainly of lacustrine and continental facies indicating the general pre¬ 
valence of rather arid conditions. 

In the Oman region, w’hich is stmcttirally alien to Arabia and belongs 
really to South Iran, there are Pre-Fermian pliylhtes and later Mesozoic 
5*^1 jments. All the rocks including the Lower Cretaceous are invaded 
by the Semail igneous rocks which include basalts, serpentines, diorites. 
granites, etc.^ which must have been intruded mainly during the Middle 
Cpetaceoiis period when these recks were compressecl and raised up to form 
the Oman mountain system* The IVe-Permian rocks here include some 


[C«AP, 


72 GEOLOGY OF INDIA AND BL-HMA 

limestones, shales and lavas but their age has not yet Iwzeii detenuined with 
any precision. 

The Jurassic period in Himalayas is represented by a pari of Kioto 
Limestone which is separated by an uncf^jiformity froni the succeeding 
Spiti Shales which are mainly of Portlandian age. In some places the 
unconfoniiitv which commences from the talloviau extends to the top of 
the Jurassic. These rocks continue eastward to Sikkim and also occupy 
a large area in Tibet. The presetioc of Jurassic rocks has not been definitely 
established in the Bunnese Arc. hut we may reasonably expect them to be 
present. 

The Jurassic was marked by ori^genic activity in China, Komeo. 
Celebes and JIalaya. The granitfts of the Shan Stales. Tenasserim and 
Malaya are considered to belong to this age. They arc closely connected 
ivith the liii-tungsten mineralization of the region including Siam. 

On the other side of India, Middle to Upper Jurassic rocks arc dc^Ylopcd 
in the Salt Range. Here as well as in the Baluchistan .\rc, there is a break 
in deposition from the Callo\Tan which often extends up to the begintiing 
of the Cretaceous. It is further interi-sting tliat in Jaisalmer in Western 
Rajasthan and in Kutch there are marine Jurassic strata containing some 
intercalations of plant-bearing buds. On the eastern coast of the Peninsula 
there are fluviatile and lacustrine Upper Gondwana beds which are thought 
to be of Upper Jurassic to Lower Cretaceous age. There is, however, some 
difference of opinion as to the exact age of these plant-bearing beds of the 
eastern coast. Some marine fossils have been found in the Godavati and 
Guntur districts, and though poorly preserved, have been assigned an 
eariy Cretaceous age. .As these dejKtsits are the earliest manne strata 
on this coast after the ITu-Cambrian ]>etiod, it is thought that the east 
coast of India, as we know it, took shape only in the Upper J urassic. About 
the same time there were volcanic eruptions at the head of the Ganges 
delta in the Rajmaluil hills where the lava flow^ attain a thickness of about 
two thousand feet, some of these being intercalated with fresh-water 
sediments containing well-preserved remains of plants. 

Jurassic rocks are well developed along the coast of Madagascar, 
East .Africa and Somafiland and also in Central .Arabia and along its southern 
coa-st. The marine fauna in East Africa, of this period is very similar to 
that of Kutch. There are also some Jiira-sak rocks in the Oman region. 

Cretaceous strata occupy large areas in the Himalayas and Tibet, 
In the former they are represented by a greenish sandstones overlain hy 
grey to w^hite limestones and shales. The Middle and Upper Cretaceous 
are represented by sediments of ffysch fades which point to a definite 
shallowing of the sea, Tlwre is also a change in fauna because of the 
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introduction ot some Mediterranean dements, probably through SjTia and 
southern Iran. The ahallowing ol the Tethyan basin may be attributed 
partly to Hie u'aters being vi-ithdrawn into the tiidian Ocean which was 
gradually widening, and to the compression oi the bed of the Teth^'an 
gtH>syncline ivhich ultimately resulted in the rise of the Kimalaya-Alps 
mountain sj-stems. It is to be noted that there are praciically no Tertiar>' 
niarine deposits in the Tethp liimaJayan region. 

The Middle to Upper Cretaceous ix-riml in the beyond the 

Central Himalayas was marked by intrusions of idtrabasic and basic 
rocks associati?d with volcanic breccia. These have been thriist over the 
earli4r rocks from some region in Tibet. The thrust sheets contain masses 
of limestone of all si»cs and shafts extending in age from the Permian to 
the Cretaceous. Most of thse masses are closely associated with the 
igneous rocks and are entirely different in facies from any known in the 
Sub-Himala>*as or the Teth>^ Himalayas, These limestone blocks, some 
□f which are of the sIkc of large hillocks, are known as Macks, They 
arc thonght to have been brought to their present position by enormous 

flow-s or by thrust sheets from their place of origin in Tibet, the latter 
view being generally more acceptable than the fonner. ft is interesting 
to note that IhcTo are tw^o zones of tiltrabasic intrusions boo, the more 
northerly one showing thrust movements tow-ards the north, i.^.. in a 
direction reverse to that found in the Tetht’s Himalayan region. The 
age of the ultrabasic rocks provides clear evidence that the hist phase of the 
compressive movement w'hich gave rise to the Himalayas is of Upper 
Cretaceous age. 

In the Burmese Arc, Cretaceous fossils have lieen found in the Axial 
System as wcU as in the rocks of the Arakan region. The Cretaceous rocks 
arc in many places accompanied by serpentine and ultrabasic rocks w'hich 
in this region appear to have been inirudeil towards the close of the Creta- 
CC 011 S+ The serpentine belt extends from the Jade Mines area in northern¬ 
most Burma, through Naga and Maiupur hills, into the .\raJcan region, 
the Andamans and the Nicobois. 

.Malaya remained a land area during the Cretaceous, Borneo and 
Western Celebes contain Middle to Upper Cretaceous sediments whkh 
are also found in parts of Sumatra. Java and some other ishinds as well 
as in New fjuinoa wbero they have been folded in Laramide times* 

Marine Cretaceous beds aro fountl along the southern bortkr of the 
Shillong Plateau, along the coast of southem Madras and also along parts 
of the East Afrkan coast. All these contain ver>' clcwely related faunas. 
This Cretaceous sea extended further south into Argentina around the 
Cape, We find closely allied reptilian remains in India, Madagascar and 
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AT]gGntina, which according to Do Toit were connected together until the 
Middle Cretaceous^ Middle to Upper Cretaceous strata whose fossil fauna 
h very siruilar to that of South India are found also in Western Austnilia^ 

Cretaceous sediments intercalated with, and intruded by, uLtrabasic 
and bask rocks are also found in parbi of northein Kashmir* The Cal¬ 
careous Zone of the Baluchistan Arc also shows Upper Cretaceous ultrabasic 
intnisives (these being associated ’with deposits of chromite) and tiasic 
rocks which appear to have been associated with an island arc of the time. 
The VTilcanic rocks form a belt parallel to, and n few miles west of, the 
Sulaiman and Kiri liar Ranges, 

Kutch sho\i"s continuous marine sedimentation from the Jurassic 
up to the Aptian which is succeeded by a stratigraphicaJ break and by 
the Deccan Trap flows. Cretaceous strata are also found in the Narmada 
valley. The fauna of the Narmada valley region is more allied to that 
of Baluchistan. Syria and Arabia rather than to that of the Eastern Coast 
of India, indkatlng that a fairly effective harrier still existed bet wren the 
two regions. 

The mountains of Oman trend turning south near 

Mastrah and then striking out into the sea* ft would appear that they 
merge here into the submarine ridges running parallel to the Mckran coast 
and Anally join the Kirthax Range. The Oman region was foldt^l and 
raised into mountain chains in the Middle Cretaceous period, alKUit the 
Cenomanian. It would therefore appear that the mountain hiiilding 
movements in Arabia were somewhat earlier than in the B.^hichistan Arc 
and the Himalayas, and that they w^ere still later in the Burma Are and 
the Indonesian Archipehigo* as the latter are referred to the Laramide 
times. 

After the Upper Cretaceous movemonts, the Sind-BalucliLstan region 
was disndi-Hl into two gulfs by the rise of an incipient ritlge which later 
became the Baluchis!an Arc. In a similar fashion, the Assam-Burma 
ridge created an Assam gulf and a Burma gulf. 'These gulfs were flilefi op 
rapidly^ during the Tertiary% the more northerly areas being characterised 
by fresh-water sediments and the southcriy areas by brackish water ami 
marine sediments in the direction of the open ocean. 

THE lERTIAKY GROUP 

The Tertiarics of the Himalayan n^gion can be divided into rle]>osits 
of three or four successive periods of sedimeiitiflion, each commencing w ith, 
and culminating In, a mountain building movement. These movements 
caji be dated appro.'cimately as l^eing Upper Cretaceous, Upiser Eocenv, 
Lower to Middle Miocene and late Pliocene to early Pleistocene* There 
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wer^ also imporl^ni diftlutbancfs, ai in the Western Hiniak^’as 

during the Pleistocene, Tlie corresponding sediments formed between 
each pair of movements ate the Eocene, the Murree, Siwalik. and the Pleisto¬ 
cene, The history of the Tertiary deposits of Burma is roughly similar 
to that of Western Himalayas but some differences are noted in the Tertiaries 
formed in the Assam gulf where the periods of scilimentatbn were slightly 
different. Tlir Barail and Jaintia Scries of Assam extend from Upper 
I Cetaceous or early Eocene to the Bliddle Olifoeene. The succeeding 
Snrma Series are Oligocene to Lower Pliocene while the Tipam Series aie 
Mid<lle and Upper Miocene. The succeeding Diking Series is mainly of 
PlirKene age. 

The Eocene comprises three distinct facies : a fairly deep-sea facies 
uf the Calcareous Zone of Baluchistan aird parts of the HimelaVtis ; a 
shallow marine facies which is found on the southern side of the Himalayan 
range as far east as Xainital ; and a fl3;sch facies in parts of the tliinaia3ras 
ami Baluchistan. In addition^ thexe are also fresh water deposits in Sind^ 
Punjab, Assam and Upper Burma. 

The movemeTit at the end of the Eocene broke up the geosyndine 
into very shallow basins. ITie Baludiiston and Burma areas were still 
largely coverwl by the sea. To the south of the Himalayas In X.W. 
India, brackish water sandstones of the Murrec Sj-stem were deposited. 
Some luarine cic|>o5it5 were also laid down in Ciujarat and Kutch. 

in Southern Irari, the Oligocene is represented the Asruari limestone 
w hich is marine, md by the Pars Series which is lagoonal, the latter being 
associated with gj'psump anhydrite and salt marl. Some of these deposits 
are similar to those of the Saline Series in the Ihjnjab, 

Intense Orogenic forces affected the Himalayan region as well as the 
Baluchistan and Hurmc^^; Arcs in the ^fiddle Pliocene and considerable 
\ertical movements took place. This movement was accompanied by 
intrusions of largu masses of granite in the Central Himalayan region. 
During this time the .Assam Plateau was raised up as a homt, for its northern 
border is a fault scarp, whereas its southern border is a monoclinal fold 
whose southern limb plunges sti^eply into the plains of East Beiigah The 
axis of this fold becomes a fault'when followed eastu-ards. 

The deposits of the period following the Miocene mountain building 
movement are the Smuliks which are well tievelopcd practically all along 
the Himalayas and also on the Indian side of the Burmese and Baluchistan 
.Arcs, In the medum belt of Burma, the strata constitute the Irraw'addy 
^ifSteni, being similar in many to the Siwaliks, The great thickness 
of the Siwaliks (16,000 to 18.000 feet) shows that they were laid down in 
fallow watera in front of the rising Himalayas, the basin of deposition 
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(fore-deep) gradually sinking md keeping j>ace wiih thtj ac<!uniii]atbii of 
seclinicnts therein. 

The Siwaliks were folded and thrust over by older rocks probably in 
early Pleistocene, when the Pir Panjal Eangc was elevated. Subsequent 
movements in the PlcisttxieJie wore responsible for the tilting tip and 
elevation of the Karewa formations. Many of the phj'siographic changes 
which took place in the Haniabiras have yet to be studied-elevation of 
river termoes. reversals of drainage, river capture, formation of goTges 
and similar phenomena^ The fore-deep seems to have persisted as a 
shallow furrow' in front of the 1 fimalayas throughout the Pleistocene and 
to have been completely filled up only in recent times. It contains several 
thousand feet of older and younger alluvium, underlain by Tertiary' and 
perhaps earlier strata. 


THE EASTERN COAST 

The Eastern coast is roughly parallel to Eastern Ghats np to the 
Krishna valley and tlicreafter it turns south mote or less parallel to the 
outline of the CudcLapah basin. Further south, the coast bears no rdation 
to the trend of the rocks as it cuts across the strike* The earliest fossili- 
ferous rocks fouinl along the coast are Upper Gondwana estuarine formations 
which are intercalate in some places with marine beds whose age is Upper 
Jurassic or Neocomian, An important marine transgression took place 
during the Middle Cretaceous, both along the southern part of the Assam 
plateau and in the coastal rt^ion of Southern Madras. Tlie earliest 
fossils found in these beds are of Upper Alhian age. Marine transgressions 
are also noted along the coasts of East Africa and of Western Australia. 
Ceylon seems to have been first cut off from India sometime during the 
Tertiary-^ the earliest marirLc formations scun on the north-western coast 
of Ceylon being of Middle to Upper Miocene age [Jaffna bods), rhereafter, 
Ceylon seems to have been connected with and separated from India a few 
times. The sea between the Indian mainland and Ceylon is very shallow' 
and markod by numerqus coral islands. 

In the Eastern part of the Bay of Bengal a ridge formed during 
the Laramide times along whxU is now the axes of the Burmese Arc. extending 
through the Andaman and Nicobar islancLs and to the south of Sumatra 
and Java. It was about this time that the Tcthyan basin of the 11 imalayas 
w'as cut off from that of the Burmese Arc. The .Andaman Sea. T.c., the 
basin between Burma and the Andamans probably took shape at the end 
of the Cretaceous, lls eastern border is fairly regular and is marke^l by 
the sub-marine ridge separiiting it from the Archipdago, This 

sea connects with the Sunda Sea through a channel along the Straits of 
Malacca. The western border is a part of the Burmese Arc and the Andaman- 


Il] STItUCTURC ASD XHCTOSICS OF INDIA 77 

Nicubar ridgt*. The ADdaiaan Sea was probably much slsallov^er 
■originally, but w-as faulted down later to its present depth, readiing over 
2.000 fathonns at its deepest. To the cast of the .Andaman ridge is the 
5u1)si<liary volcanic ridge on whidi lie the Harren Island and Xarcondam, 
SewcU says that there is another inconspicuous ridge to the west of and 
close to the ,\ndam.Tn ridge which directly leads into the Xiasand Mentawei 
islands to the south of Sumatra, but this shoold really 1» considered as 
}»art of the Andaman ridge, The Andaman ridge is clearly over-folded 
to the west but the a.iiis of folding is said to have shifted progressively 
4 <$istward during tlic Tertiary. Tlie western coast of Tcnassciim is only 
moderately fanlletl, having suffererl a slight submergence during geologically 
recent times, Wiicn followed northward, it continues into the Tenasserim' 
Shan zone whose western margin is faulted and overthmst toward the west 
in a more pronounced way than is apparent in the Tenasserira region. 


THE WESTERN COAST 

Co-ming now to the western coast of India, we find that the continental 
shelf bordering it « remarkably straight from the south of Cape Comorin 
to the west of Kathiawar, ThLs feature is explained by the fact that the 
was faulted down some time during the Tertiaiy eta. The only marine 
strata on this coast arc of Lower or Middle Miocene ago, forming a narrow 
strip in some places. In the more northerly parts, the coastal region as 
well as the interior are excupied by the Deccan Traps which arc estimated 
to lx 6,000 feet thick near Bombay. These Traps show a gentle dip 
towards the sea near Bombay, because of a fold, the axis of which trends 
ronghly parallel to the coast. This monodinal feature is called the Panvel 
tie sure. It would appear that the Traps may have extended formerly 
for some distance west of Bombay, but that portion has since been faulted 
«l<)Wn and covered bv the sea. There arc also some faults parallel to the 
coast, as indicated by the presence of several hot springs along a straight 
line between Ratnagiri and north of Bombay. The age of these faults is pro¬ 
bably alsfi Lower Miocene. 

The continental shelf off the western coast is marked roughly by the 
tOO-fathoin line. It slopes gradually over a distance ol 25 to 35 miles down 
to this depth and then rapidly down to 1.000 fathoms. Southwanls from 
the Gulf of Cambay, at an acute angle with the coast, runs the ridge which 
iippears above the seawaters os the Laccadives and 3[aldlv^es , and it is 
likely that the Chagos Islands farther south also belong to the same group. 
1‘rom the southern end of Chagos islandi to the norlheni end of the Lacca¬ 
dives, the distance is 1,500 miles. These island groups rise from a depth 
i>f 1,200 fathoms. Tollowed in a northward direction, the Laccadives 
continue into the Coradiva and into the .Angria and Direction Banks on 
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the continental shelf in the Gulf of Cambav^ These are thought to continue 
into the AravaJli ^lounlains further north. The idea that these banks 
anti the Laccadives represent the coutitiuation of iho AravaIJis receives 
supjwrt from the fact that a strip of strong positive gravity anomaly runs 
over it* 

The Kirthar Raiige, ^vhSch foitns the boimdan' betiveeii Sind and 
Baluchistan, runs down to Cape Monze near Karachi where it is coveretl 
by the sea* But it is continuous with a amaU island called Churna, and 
with a ridge [the Blurray Kidge) proceeding south-westward, rising from 
the twttom of the sea at a depth of IJOO to |,SOO fathoms. To south¬ 
east of and parallel to the Murray ridge is a gutty 2,100 fathoms deep and 
another ridge at a distance of about one degree of latitude. The top of 
this second ridge is generall^'^ at a depth of l.SDO fathoms below the sea- 
level but it rises on one or two places to within 450 fathoms. It has bet^n 
traced as far west as 20^N„ 61 It is generally considcTed that these 
two ridges ultimately join up with the Oman Mountains in Ariibia anti 
that the Oman and tvirthar ranges are parts of the same structure. 

The sea adjoining the Mekran {BaJudiUlan) Coiist Ls streaked witli 
numerous straight* paralleL ridges which are part of the Zagros Mountain 
system of Iran. The sea boftem here is at a depth of about 10,51X1 feet 
and the ridges rise to heights of 3,000 feet or more above tJie sea fioor* 
These ridges occupy a width of some 60 miles or so from the Coast. 

The Mekran coast has been faulted down in the bte Miocene or in the 
Pliocene, for w e know that rocks of Middle Miocene age have been affecte^L 
It is probable that the faulting of the westeiri coast of India occurred in 
the Lower or Middle Miocene, e?rtending into the Mekran region earJ>' sn the 
Pliocene and finally into the Persian Gulf and the Euphrates \'allcy in the 
Pleistocene, 

I'notn near the north-eastern tip of Africa runs the Carlsberg fiidge 
system fomnitig an arc concave towards Africa. It rises fram the oceao 
Boor at a depth of about 2,300 fathoms biiV the basins or either side are 
over 2,700 fathoms deep. Samples of rock dredged from it consist mainly 
of hasaits. Concentric with this and towards the side of Africa is another 
ridge on which are situated the island groups of Seychelles, Saya De Malha 
and Mauritius, The Carisberg ridge system bes roughly midway between 
India and Africa and is in many ways similar to the Jlid-Atlantic Ridge 
and may have a similar origin. 


OROGEXfC BELTS AXD L'LTILV-.MAFIC ROCKS 

The various occurrences of ultra-mafic rocks known iu India fall into- 
oue or the other of the knowri belts of mountain building. They include 
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rock types siich as serpentine, peridot itc, dunite, saxonite. HicraoHte and 
pyrosenite which have frequently given rise to magnesite, asbestos, talc, etc., 
and arc associated with epidiorites and amphibolites. The chief groups of 
■oeairrences of these rocks are mentioned briefiy below. 

In Hajastlian numerous leiS'like masses occur near Jhtri, Kaialo, 
Maroli, Bhilwara etc. and in the Biana hills of Central Me war and .4jmcr. 
Talc-bearing serpcn.tine rucks occur along a Jf.N.E.-S.S.W, Konc to the 
north-east of Ut^ipur city and also in Sirohi. Dungarpur and Idar. Their 
distribution geneTally follows the trend of the axis of folding of the .\rai,'allL 
and Delhi Systems of rocks in this r^on. 

Tn the Mysore region there are similar ultra-mafic rocks along a \ .N, VV,- 
S.S.E. belt passing through Kadur, Hassan and Mysore districls. They 
appear in the belts of ancient Dharwerian rocks, and are associated in 
some places with chromite. ;\t the sou them end, near Mysore city, the 
trend changes its direction to S.S.W., accommodating itself to the strike 
■of rocks of the Eastern Ghats in this region. 

Details of the geologj' of the Intern Chats are not well-known, bat 
jrj places there are ultra-mafic rocks, as for instance those which ate 
associated with the magnesite deposits of Salem and with chromite in the 
Kondafallc hills of the Krishna district and a few places in Orisa. This 
belt is generally marked by intrusions of large masses ol charnockile. 

There are a few' occurrences of ultra-mafic rocks along the Singhbhum 
■Copj.>er belt and its continuation to the south-east into Mayurbhanj. Some 
■of these exposures are associated with chromite or titaniferous magnetite. 

In the Extra-Pen insular Rr^ioii there are ultra-mafic rocks associated 
with chromite in the Zhob and Psshin valleys near Quetta and near Port 
Sandetnan ■ in the Buriil-Dras area of Liuiakh ; in the exotic block 
region in Hundes ; and south of Mount Kailas. Numerous occurrences of 
serpentine and peridotite are known in the Jade Mines area of L'pper 
Burma ; along the Burma border in Manipur State ; cast of Kohima in 
the Naga hills ; and also in Thayetmyo. Minbu, Pakokku, Prome, UeiuiaLla 
and Bassein districts along the same rone further south. Similar rocks 
occur in the Andaman and Nicobar islands. 

Ultra-iuafic rocks are thought to have l>c«i intruded into the outer 
crust through cracks rievelopcd by intense compression of the upper layers 
of the crust. 1 ndced, it may be staled that ultrabusic rocks are not known 
to occur except in such deformed Ixilts. The mas containing such ultra- 
hasic rocks of late Mcsoroic or Tertiary age are generally coincident with 
those showing negative gni'.'ity anomaly. In the case of the older mountain 
fielts, the long lapse of time has geoi-rally hdp;i to smoothen out liie 
,^iiu>tnaliC5 to a large esimt* 


so 
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SEISMIC r»HENOS!ENA 

The distribution md sjgnilieance r>f st^ismic phenonicna ia India in 
relation to geological structure have hixn dealt with by various authoRr 
including T. Oldham, de Ballore, and W. O, West, It h known 
that the peninsular fmrt of India is practically inimiine to all but minor 
shocks which are occasionally felt in a few places. But earthquakes of 
great intensity occur along the highly disturbed l>elt of mountains in the 
ENtra-Pcniiistda. Occasionally some im|ajriant shocks originate from 
the floor of the Gaugetic basin, the Bihar earthquake of I9J4 being attri¬ 
buted to movemejits in the floor of fore-deep now- filled up with alluvium. 

The regions towards which the wedge-like proijectsons of the peninsular 
mass are directed are generally known to be susceptible to frei|uent and 
severe earthquakes. Such am the Gilgit-Pamir region in the north-west, 
the Quetta area in Baluchistan and the region of China adjoining 
the north-eastern comer of Assani^ The f^mir region is indeed visited 
by earthquakes originating at intermediate depths of several tens of 
kilometres. 


ORIGIN OFTifE HIMALAYAS AND THE GAXGRTJC J'LAJNS 

ft is generally assumed that the Peninsular mass, which w'os a part 
of GomlManalartd, remained passive wldle the Tethys basin to the north 
of it was thrust against and ov^r its etlgcs. Along the northern borders- 
of the Peninsular mass we find fragments of older n>cks broken o(f and 
carried aJong with the over-thrust sc^liments. These include the unfossilt- 
ferons rocks of Peninsular facies in the Lesser flimalayos, of fuddapuh, 
\1ndhyan and Gondwana ag®. In front of thus region is a sag or depres¬ 
sion which has been formed by a slight buckling down of the crust m 
obedience to the pressure exerted on the lKtrder& of the Peninstila by hori¬ 
zontal compn-ssive forces* 

The direction of movement deduced frum the rocks exposed at the 
surface is towards the south in the Himalayan Arc. towards the west in 
the Burmese .■Vre and tow'ards the east in the Baluchistan Arc. The Pacific 
coast of Asia also shows evidences of thrust tuw'ards the ocean in the Tertiaiy' 
era. P. Lake, who has discussed this question points out the difficulty of 
explaining how one siitglc continental mass could mos'c in different direc¬ 
tions at the same time and suggests that the Pacific and Indian regions 
have been underthrust tow'aids Asia. It is of iutercst to note that Central 
,\sia is a region containing excess of matter of higher density, which could 
only be e.\plained as due to the action of coinpressivc forces towards iV* 
Though the Baluchistan Arc and the Himalayan Arc api^ear as if they 
were compressing the area of north-west Punjab intervening l^etween them. 
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tilirrard points out that gravity obsen'ations do not indicate the presence 
of an excess of ma^s in that Tiegion and that indeed the reverse la the case. 
The explanation apiwars to be tliat the mount a ins here are composed 
of piles of Hgld sediments pushctl over the submerged borders of the 
Peninsula, 

A jioitherly movement of the [ndian shield would thus ap^^ear to have 
given rise to the thrusting of the st%liments of tlse Tethynin basin oAef the 
whole of its northem Iwrder, This would naturahy produce an eastw'ard 
tlimst in the Raliichistan Arc and a west ward thrust in the Burmese Arc. 
'fhe edges of the underlhnist mms appear to ha^e buckled down and 
broken off in places, except where projections have acted likeuxxlges extend¬ 
ing fax mto the stiiliiTientary^ basin and producing lestoons and stxitaxial 
structures. This would explain the simultaneity of the movements in the 
different Arcs during the successive periods of mountain bnilding and also 
tlw much greiiter violence of compression and faulting in the Himala^iui 
Arc than in the two lateral Arcs. An important consequence of the great 
intensity of qompre^ion of the Himaiajun Arc is the breaking up of most, 
if not all, of the structures suitable for the aeciunulatJon of pc^troleuiu m 
that rt^n, whereas the same serlimentar>' l>ell in fran and Iraq contains 
numerous unl^roken structures. 

GEODETfC OBSEIt\ AT10N> 

The making of accurate topographic maps necessitates the assumption 
of a standard spheroid for the shape of the earth. This would be the swi- 
level surface continued through the continental portions also. This surface, 
obtained from the mean seadevel of tidal Diminutions ^ould give the 
^€oid, whose shape is an obbte spheroid. The Survey of India has used, 
for this purpose, EveresPs spheroid (FT J, touchman, 19J7) whose eqiia^ 
toriaJ semi-axia is 6377*3 km„ with an ellipticity of l/JOO-tt, The modem 
value is however slightly different, the major semi-axis being 6.378-4 kTn. 
and the ellipticity 1/295 (ellipticity being a-b/u, ivhcre a and b arc the^ 
c<|uatorial and pobtr sembaxis respectively). 

If wc have a homogeneons sphere it will ha%“e the same force of gravity 
at every point on its surface, tV., the geopotential will be the same at every 
point. But the geopotential will vary according to height (r>.. vertical 
distance from the level surface of reference) and also according to variation 
in the distrihutbn of matter. Any extra mass as that which forms a 
plateau or mountain will give an extra value of gravity over it which can 
be measured. As a general rule^ we can state that if we have a thickness 
of 1 kru. of rock of av^eiuge density 2-5 per unit area {I SJiuare cm.) it increases 
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the gravity by 0-105 ciii.yscc- This extra thickness of 1 kni. therefore 
gives ronghly aji extra value of 1 00 rn.Lllig;als {1 iiiilligai — 0-001 ciii#/ 5 ec,)^ 

There is another type of effect. This extra mass possesses gravitative 
attraction^ which wOl be seen as a deflection from the vertical, of a plumb- 
line placed at the side of the mass. This deflection, when measured^ can 
give us a raeastJire of the mass which produces it. 

The attraclton due to gravity is, as we have seen, dependent on the 
height above the spheroid a I which the meas^irements are taken. It will 
be different and smaller if we could take it in free air at the same height 
[i.e.p allow^ for the fact that the place of observation is some distance above 
ihe geoid surface and so from the centre of the earth). This gives the free 
air" value. V^^e can c^dculate this from the obsers^cd gravity by allowing 
for the height above the mean sefi-lcvel. The difference is the ' free air 
anomaly 

It is an observatioiud fact that imist mountains produce much less 
disturbance on gravity than what wc should expect If they were merely 
addetl matter of standard density* This aiiomaloiis difference is called the 
* Bouguer anomaly '* 

I&ostasy. -^It is also known that gravity does not vary in accordance 
with the height of solid matter above sea-lcvel or depth below sea-level. 
In the Alps, for instance, the uhsen^ed gravity is something like 100 iniiligals 
less than what would tie the normal. In the “ deep' off the coast of Cali¬ 
fornia we should exp«:t gravity anomalies of .100 milligaLs if the 4-mile 
depth meant merely replacing normal rock by water. But in many parts 
of the oceans the anomalies are systematically |.Kssitive* These obaerv^tion.s 
prove that, in and below mountains, there is matter of lower density than 
normid, and In ocean basins there is matter of higher density* Thus Nalure 
seems to tr\- to compensate the visible Inequalities of matter hy density, 
so that excess of matter is compensated for hy lack of density and defect 
of matter by an excess of density. This relationship between mass and 
density is callecl The subterranean variation of mass is called 

CQttip£nsation ] if there is too much, it is over^mpeusalion. and if luo 
little, it is uiider-compensation. If our calculated v-aluc of gravity is also 
corrected for the disturbance due to any t^-pv of assumed compensation, 
we get the L^astufic The freir-air anomaly gives us the earth's 

external gravitational field. The Ikiuguer anomaly gh'es us the surn total 
of aJl the information about the distribution of density. Isostatic anutiialy 
is only of uitcrt^t to test any particular theorv* of compensation. 

It is an interesting fact that it w as in India that the theory of mountain 
cempensatkm was first propounded by Archileacon Pratt of Calcutta, 
an eminent rnathematkiaii to whom Sir Andrew Waugh {Siirt'eyor General 
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of JiidiaJ referred certain gravitational anomalies for solatioiv WTien the 
deflections of the plumb line weir measured ai some localities near the 
foot of the Himalayas, it was found that the ohsert^ed deflection was muck 
less than the result obtained by caictilatloiii from the visible excess of matter 
ol the Himalayas. At Dvhta Dim the calculated and obsen'cd deBecUons 
are 86 seconds of arc aitd 36 seconds of iirc reS|>ectively ; at 3Iurree they 
are 45 seconds and 12 socothLs resjK^tively. 


According to one view' of isostasy adopted by tlayford and FSowic 
of the United States Coast aiKl Geodetic Suney, different T.-erEical sections 
or blocks of the crust ma>^ be thought of as being completely compensated 
at a certain uniform depth, called the d^pift qf ctmpfmaiwn. This can be 
illustrated hy an expeTtinent in which b]fx:ks of various substances, of 
equal cross section and of weight, are resting on a heavy liquid, say 
merairy. Here they all sink to the same depth but rise to various heights 
aboxe the Ihjukl in inverse relaUoii to density. On the Hayford principle, 
the depth of compensation in the earth's crust is generally taken as 60 miles 
beloiv sea-kvel. According to another interj^retation, blocks of oiie 
substance hav ing the same cross section but different weights can be thought 
of as resting on mercury. Here they sink to various depths and also have 
their top surface at various heights. The latter vkrA\ allowing for ™ria- 
tions in the depths of compensation of different segments of the earth*5 
crust, is perhafis more in consonance with the evidence of seismology. 
Below a mountain rangCH the surface of contact bet^veen the lighter upper 
layer and the heasner bottom layer would be at a lower level than elsewhere, 
Under a low plain, the Jow^cr heavT layer of the crust w™|d reach up to a 
comparatively higher level than under a mountain^ Under an ocean 
floor, the lower heavy* iay’cr will rise still nearer to the surface of the cnist. 


Both tile views, however, agree that there is a natural tvutiency for 
cDm|>eiisatioii of mass against density* On the whole, the second view 
[favoured by Heiskanen and athersj seems to give better agreement with 
the observed values of gravity in addition to agreeing with seismological 
evidence. It is ivlso to be noted that the underground compensatbn is 
more likely to be spread out ov'cr a larger area than that indicated by the 
surface inequality. Hetskaneii's estimate of the depth of compensation 
is about 40 km. 


It is well known that continental masses are built up, to a large extent, 
of granite. Granite and large masses of sediments also form the mountrnn 
ranges of Tertiary' age. In contrast with this, heavier rocks like basalt 
aru found in regions vvhich have been rent by tcnsional cracks. The ocean 
basins are also supposed to have basic rocks at sliailovv depths. These 
facts and suppositions am in accord with the principles of isostasy. 
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This theory’ can also he iiscd to explain partiaJiy the conditions observed 
in the Himalayas and llic Gangetic plains. The Himalayas are built up 
of huge masses of sediments estimated to have an aggre^to thickness of 
over 30.QOD feet, mth a granitic core in places. The plains bordering these 
are deep troughs filled with alluvium, which are also to some extent com¬ 
pensated. There are, however, large anomalies which could not be 
explained by isostasy. It happens that there is a great deal more 
agreement between the theory' and the actuality in the U.S.A.than in India. 

A study of the values ol gravity in different parts of India and of the 
deflections of the plumb line has indicated that the Himalayas consist of 
light materials and arc deficient in mass. There are also certain regions 
with an excess or defect in gravity values, which may indicate the presence 
of heavy or light sub-crustal rocks. Sir Sidney Burrard of the Survey 
of India deducikl the presence of a sub-surface feature, which can be likened 
to a ridge, of heavy' rocks ninning roughly cast to west across India through 
Jabalpur, and another parallel 7 nne of light rocks passing through Belgium 
and Kellore in South India. The former Is referred to as Burrard*a Hidden 
Range on the supposition that the heavier layers of the crust had here come 
nearer the surface than elsewhere, fonning a sort of ridge. The other 
zone is called Burrurd's HiddeH Traugh\ e.vpressing the idea that the heavier 
layers formed a trough-like dcjircRisioii liere occupied by lighter rocks. 
To the north of the Hidden Range is another parallel zone passing through 
the valley of the Indus and the Bmhmaputra in Tibet, marked by dc^ciency 
of gravity. 

It is an interesting fact that the lines of these ridges and trouglis are 
more or less parallel to the general trend of the Himalayas and also that the 
distance between each pair is about 3 to 8| degrees of latiLudc. If the 
Himalayan orogenesis is attributable to the northw’ard or north-eastward 
movement of India, it is possible that this arrangement of ' ridge ' and 
^ trough * may also be due to the same cause. 

The alluvium-filled trough through w hich the Ganges flows in Northern 
India is of the nattire of a ' foro-deep ^ viz., a slight buckling down of the 
upper trust in front of the convex mountain arc. It was formerly thought 
that it was V-shape<l in section and that the thickness of the alluvium in 
it was as much as ^Q,000—50,000 feet. Such a thickness has been show'n 
to be impiobable by Jeffrej^-s. Geophysical measurements made in Bihar 
after the earthquake of 1934 have indicateid that the thickness of the 
alluvial strata h of the order of 6.000 feet. Others made near Calcutta 
show that the alluvium is about 4,000 feet thick. But the alluvium is 
expected to be underlain by Tertiary strata which may be several thousantl 
feet thick. 
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Some years Ago f^leonie of the Sun^cy of fndk oxplaioed 

the various rt'gional gravity anomalies foand in India as due to local 
up-warps or down-warps of the hw-y sub-crustal layers. In some cases 
there are coincidences lN?tween the supposed crustal waq> and the surface 
geology. For instance, the Archaean ranges of the Aravallis, Dhanva^, 
Satpuras and the Assam Plateau are regions of positive anomaly which 
coincide with the U|>-xvarps, while the Cuddapah liasins of Madras^ Chattis- 
garh and Fiwalior which contain thick sedlmcntai^" beds arc ^nes of negative 
anomaly. There arc^ however^ oUier areas in which there is no such coin¬ 
cidence, A zone of positive anomaly runs through the Gulf of Cambay 
and along the Fkmthay Coast, which may probably be due to a large thick¬ 
ness of basalt liere. In the area occupied by the Deccan Traps in western 
and central India the anomalies arc v^ry erratic and have no relationship 
to the surface geoiogj^ 

In a paper published in 1946,. Evans and Crompton have given the 
rt'snlts of the extensive gravity survey undettaken by the Burmah Oil 
Company in the Assam-Burma regbn. They have computed the anomalies 
alter cair^'inig oiil corrections for local geology down to a dq)th of IP5 km., 
as data were avallabLe on the sob-surlace geology^ from lK>ro-hole records, 
Tlieir map indicates that there is a 3wnc of negative anonialy along the 
eastern flank of the Burmese arc continumg into the Andanian-Xicobar 
Islands and farther on into the Vi'clbrnarked negative anomaly zone just 
to the south of Sumatra and Java. This marks the zone of up]i(t during 
the Tertiary mountain building movement. There is a zone of high 
IKJsitivc anomaly along the volcano belt of riumia which goes through 
Wun-tho, Monywa, Popa, Barren Island and continues into the volcano 
zone of Siimatm and Java. The Shan Plateau show’s only weak positive 
^^m^ahes as it has apparently nearly attained ef|uiHbdiim during the long 
|>crio<l which has elapsed since it experienced orogqnic disturbances^ The 
Upper .Assam Valley as well as the Ganges \'alley in Bihar are r<*gaons of 
negative anomaly, as should be expected, for they contain a large thickness 
of light sediments. 

The formation of mountain chains is considered hy ^'cning-Mcinesz 
to be due to a downw’ard buckling of the sihf deep into the stwa during 
the process ai compression of the geosynchnc- At the commencement of 
mountain building disturbances, the dowm-buckle is suppostNl to reach 
into the peridotite layer, when the material from that layer rises up readily 
through cracks in the fold to form Lntrusive masses in the axbl part of the 
fold. Ax a later stage basic and ackl magmas are injected profusely into 
the same region and huge masses of granite result from the remelting of 
the sialic part of the emst which has been depresscti and ho-s thereby been 
softeneil by melting and assimilation of large amounts of volatile materialsi 
from below. It is thought that this deep down-buckling of the siaJ gives 
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rise? to negative anomalies along the core of the folded inotintain ehaina. 
It is also thought that basic magma originally present beneath the down* 
fold is displaced on either side of that region and rises nearer the surface, 
producing somewhat broader zones of positive anomalies on one or both 
sides. In general, the positive anomalies on either side are smaller in 
magnitude than the negative anomalies of the down-buckletl stone. This 
htTmthesis rests upon the assumption that there are convection currents 
in the interior of the earth which allow the re^distribiition of material 
followiitg the compression of the crust during rnoiintaiii building movement. 
.\n alternative hypothesis is that the* zones of negative and positive 
anomalies arise from faultily? and readjustment due to the contraction of 
the crust, the depression formed by down-faiiittng being filled with tight 
sediments from the continental area nearby. 

The parallelism of the ‘ ridges ' and ' troughs ‘ to the flimalayan arc 
and the correspondence of the negative strips with the deep part of the 
Tethyan basin and the fore-deep, indicate that they might alt have resulted 
from a single cause, viz., the Himalayan orogeny which may l*e attribiiteil 
to the northward drift of India, ft may he suggested that the ndge and 
trough generated during the drift mo^'ement have not yet had time to l»e 
snioothcti out. 

Little is known abont wkat lies bentiath the Ganges basin of Northerly 
India but can little doubt that SiwaJik and earlier Tcrtiar>^ sedi- 
menti are present under it. The bottom may contain a fractured zone 
which would provide Loci of earthijuate shocks. 

From the geological map of Southern Asia it will be noticed that the 
Tethyan basin of Syria, Irat] and Iran would, if continued in the direction 
of its general trend, go into the region of the Indonesian .Archipelago, but 
the portion of the Kvsiii between Baluchistan and Sumatra is found to lie 
violently distorted anti pushed to the north by the hwign mass of India, 
just as Southern Iran is distorted by the foreign mass of Arabia, ft may 
therefore be suggested that the shifting of the Tethyan belt to the north of 
India would give lus roughly a measure of the drift of India towards the 
north and of the shortening of the earth's crust by the compressing forces 
which were responsible for the Himalayan orogeny. The distance between 
the postulated original position of the southern limit of the Tethyan 
gcosyndine and the present Itimalayan arc is of the order of iT to 14* 
of latitude or say, 800 miles or more. 

Heim and Gansser (1939. p. 226} have made an estimate of the original 
w'kUh of the sedimentary zones of the Himalayas and deduced the short¬ 
ening of the Eones as a result of mountain building. They came to the 
conclusion that the original width from the northern border of the Indian 
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plains to the 7-ODe of the Exotic Blocks is at least 460 km,, the actual width 
at present being abbot (60 km* The diJHerence betW'een the tw^o^ about 
300 km., would be the minimum shorteniDg of the crusty They also point 
out that this ia only a rough estimate which may be out by 100 to 200 
per cent, or more, because o^ the lack of detailefl knowledge of the geology 
of the Himalayas. It should also be noted that the Himalayan orogeny 
affected a part of the r^on lying in Tibet, viz., Karakorum, Alai, and Kun 
Lun ranges w'hich took their final shape only in the Jertiai^'', The estimate 
of the crustal shortening of about BOO miles given above would therefore 
seem to be in accord with the facts, for the numerous folds, overthmsts 
and nappes present in the Hirnalaya-Karakonim belt indicate that a region 
of great width w as involved in the Tertiary’ mountain building movements. 
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CHAPTER ill 

REVIEW OF INDIAN STRATIGRAPHY 

PrindpTes of Stratigraphy , 

Stratigraphies or historical geology has, as its aim, the descriplksn 
and classification of rocks with a view* to arranging Iht'in in the chronolo¬ 
gical Older in w'hich they wx-rc laid tiown cm the surface of the earth. Of 
the three great groups of rocks sedimcntaiy, igneous and metamorphic, 
only the s^imentary rocks are easily amenable to such an arrangerneut, 
since they have been deposited l)c<l by bed and contain the retnains of 
organisms which flourished while they w-enc formed. The lithological 
chameters of the units or formations and particularly their fossil content 
ha^'e been ins-aluable for determining the ehronolog>f of the materi^s of 
tlw earth's crust, as will be explained belcnr. 

Litbolo^. —The lithological characters of the different formations 
are persistent over the area in w'hich they are exposed, though there tnaj 
be variations W'heii followed over some distance. Each lithological unit 
mav comprise a number of individual beds having more or less the same 
characters, when it is spoken of as a /urantfioH and given a local or specific 
name to distingutsh it from a similar formation of different age or belonging 
to another area. Wt have thus the Barakar Sandstone, Kamthi Sandstone, 
Bhander Sandstone ; the Attack Slate and Curnbum Slate ; the \ cmpalle 
Limestone and Megalodon Limestone, etc. The lithology ^ often of help 
in correlation as in the case of the Spiti Shales of various parts of the 
Himalayas or the carbonaceous Barakar Santlstoncs in various parts of the 
IVninsula and in the Himalayan foothills. 

Foasll content.—Each formation has not only distinct petrological 
characters but also encloses a fossil assemblage which is characteristic and 
different from that of the undcrij'ing and overlying formations. Animal 
and vegetable oiganisms of each geological age bear special characters 
not found in those of other ages. Though some species are loug-lived and 
have a long range in time, there are others which have a very short range, 
and each assemblage contains a mixture of many different species and 
groups of animals. Some speciesy for example of graptoUtes and ammo- 
jiites, are so highly specialised in morphological characters and so restricted 
in range of time that they arc highly valuable indicators of very small 
sub-dis-isions of geological time. 

Fossil assemblages of the same age are not necessarily identical, for 
the species in them will <lepend on the conditions of environment and 
development in each area of sedimentation. If the environment \va.s 
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ihe same or vcA' simiilar, the species may be idcntkal or closely allied, as 
is often the case with marine fauna ; if the environment were difTerent, 
as in the case of estuarine and lacustrine deposits, the elements of the 
fauna will be different hut will show the same stage of evolution or develop¬ 
ment in relation to each other and in comparison with the parallel faunas 
of another area. The conditions which control sedimentation and life 
give rise, therefore, to different facies, such as the deep sea, coastal, esluarine, 
Buviattle, etc. ; and also^, dapending on lithology, to shale, limestone or 
sandstone, or otht^r facies. Hence, in comparing the faunas or lionis of 
two areas, the lithological as well as environmental facies will have to be 
fully taken into account. 

Order of superposition- —Every' geological formation rests on another 
and is superposed by a third. The formation at the bottom is tiaturally 
older than the one at the top, and when we deal with several the upper 
ones are successively younger than those below. The 5 et|uence is the same 
wherever the same formations are met with. 

If the formations have been laid down continuously each of them 
grades perfectly into the succeeding one. They are then said to he con¬ 
formable. The gradation is not only lithological hut also faunistic. It 
often happeiis however that, owing to local upheavals, some formations 
arc locally missing. In this case, the transition from the underlying to 
the overlying beds will be abrupt, such a break in continuity being called 
an anconfomiitv' or disconformity. The iinconformity may be marked 
by a change in rock type, by the different disposition of the overlying beds, 
by the intervention of a horizon of conglomerate containing pebbles from 
the underiying formation, or by other features. The overlying formation 
may spread over and transgress the limits of the lower one, thereby showii^ 
the phenomenon of oirrlap. Or. there may be regression, producing a 
Yet these phenomena do not affect the order of superposition of the 

strata. 

The earth's cnist Ls the scene of constant changes and the rocks are 
affected by them in various wm^. They may be tilled, folded, and faulted. 
They ma_y he intnidmli by igneous rocks, or metamorphosed as a result 
of earth movements. The final result of these changes^ as seen at the 
present day, is often ven' complex but the geohigist should observ'e all the 
facts carefully and unravel the history of the fomiittions after w'eighing 
all the a^'^ilable evidence. 

After careful study, the geological formations have been arranged 
into a few major groups, fhest" are shown in Table 3 in the Older of in¬ 
creasing antiquity- The latter terms in these groups indicate the stage of 
development of the organisms. The .Azoic is entirely devoid of organisms 
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while the l-’rotCTOzoic shows traces of the most primitive life ; the I’atseO' 
jwic contains the remains oi ancient animals and plants, and su on to Recent 
times. 


J-^EOtoctCAL Time scale 

{FiRurcs wilheut hracketi show the total dunvthw of the (>Tiiiip t# System in,iniUiDna 
of yews, while those within brwltets show the lupse of time fiotn the beflinoln^ 
of the ps-TticiilaT eta Of period to the pteeent.) 


Gr^p 

S>Tilrm 

Chkf Fdssili 

^Jtiatcrnfl.ry 

Rrccnt ('01 > ! 

Pkbtorrne 1 (1} 

XJvinR BUkifiHli. 

3LBny mammals dm 
"ciff fliiring Rlacinl; period*. 

Tflrtiwy 

nr 

KnirtOiOk 

60 

Flioernr LI il2) 

Mioernr 33 \ 25 ] 

01k£)DCH]t IS (401 

E^rnn 20 f^) 1 

plants iloEniria^. I>lvlpon 

Tsu^ly tiarcT on pn^riioit of 
living to rpodea of 

mollUBClL and tho prwnco o1 
mammal irprck*. 

^IcCDnilary 

or 

M«^»uoic 120- 

CretaceoiiM 50 (1 lO) 

JumSMC 401150) j 

TruBfit 30 (Il0) | 

i 

Gj^nt fcptilM- uiil aJnoVHiitiB* 
diuppOAT at thr end. Flowering 
|4aom Ixcobie itutncrDi^ 
AmmrOiaiteg abundiinL Fi«t, 

birdi* flowertfig planti atw aca 

1 uf^:liiiuL 

1 .^mp.ni|e3, r™id« ami am|iliibdA 

1 atwmla nC. Andctimatr. 

rrinujy 

Of 

[ l^mutfi 35 (2151 

CBjbnnifcroy^ 60 {2^5$ 

|>rvofil4Ei 50 PZS) 

^lluria^ 35 

Ordavidia.n 60 (420) 

CAmbriBn 100 (520) 

diaarocitf at the vnd. 

5laoy non-flo'Atri'nE plaiiia : &tat 
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Ahunclanfc of TrUnbitgOj and 

GraptoUtr*. 
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IVetfe The tstest rwolta fawm i™d tatio* in meteorilrs are »id to indicate an 
o! abont 4.500 miUinn yeara for the pfancts in the Solar Ryston. 
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Thc major groups are divided into Systems : each System into Sedes ; 
each Series into Stages : each Stage into Zones. Corresponding to thesis 
divisions of formations there are divisbiis of geological ttiiic, as shown 
below : 


I^'orwliofts TifR£ 

Group {tf.g. Meso/Dic) * * . - Era 

System {e.g. Triassic) . * -, Period 

Series Upper Trias^c) .. Epoch 

Stage {e.gi Camic) ». *. 

Zone (e.g. Otoceras) 


As the geological forrtiations were first studied in Western Europe* 
the names of fomnations in the European region are now universaUy used 
as standards of reference to facilitate tlie lajirelation and com^rison of 
formations of all parts of the woridn Tabic 4 gives the nam^ of the chief 
divisions in usage, and many of them \rill be frequently referred to in the 
following pages. 


Table 4— Standard Geological Hia'isions 




i 

^McKittemn 

LevAjlobian 


¥ Wurm—T ]rTrh4iiiA n 




CheU».n 

Achculiatl ^-4 

"■1 

(Dis—^Mfetafian |i 

i 

Pleistocene 

... 

..H 

AhtJO'ilUisn 

Cnvnmian 

NcrrwichiflJl 

... I 

^ Mindel^tciHaTt 




luswichiin t+H 

LVtllafnincluttn **, 





1 

r jXstLan ' 



PUccent 

■ 

‘“i 

mairascLutt 

L P^ntian 






'SJWTfWtian 



Miocene 



Tortoni^n 

Helv'ctian 


VinckiibOEtia.il 




^ .Aquttainan 






r Chatdan 



Oligoceae 


...j 

RtipHiari 

[Lattor^n 






^ WenmLE'li^ 






B^nnian-Luilmn 
y\uvcf3iun 

... 

PriB banian 

Enctno 

... 


Ijitetian 

Cuiflian 

’■■1 

(Parisian) 

1 

• 



Ypwsian 
^ Sj^maciAii 

:::j 

tYpT«|Bq 

PaleDccnc 



fThntvctian 

1 Mnntkan 
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' DAniui 
Mdrtftrichtian 
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Santcni&n 

Turonisin 
CenCimanian 
AIbbn 
Aptkan 
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1^ VatnHj^un 


^^ddirian 


•«-l 


|Gau.lt a.nd Up- UrccMawJ) 
(L, Grr«iuiBita) 

K^ocdfnian 


fUppcr 


^ Msdaic 

(Dogger] 
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I. 
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{ Rhartic 
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Lwer 


..,{ 
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>>« 
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Bunttr 
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Kaxanian 



Kufvg^rian 
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WHtphalian 


jNMofopvian 

Xamurian 

Vkvnti 
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r DoiAmtEinian 

J Salopian 


{ Ltidkkwlan 
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OrdOi-icEftn 


Ilian 

Coraddciaa 

Uaj^i'imidn 

I ^ '5?lcidda.rian 


... tPab) 
’’^Uandfido 
!.. (Arenfc^) 


’Cambrian 


t^nidoxidc^ ... (AmcUMl! 
j[0JeiH?llu5 (GeorKian) 


General Review of Indian Stratlj^raphy 

Before ccnnmeneit\g the diiiscription of the slratigraphic-al onits 
■of India, a general summary- laight prove iLseftil so that the subject can lje 
viewed in the roia^hest outline. 

More than half of the Peninsula occupied by the Archaean rocks, 
including the schistose rocks which are geuenilly referred to as the DMx- 
w'aiian group. The Cuddapalis, Vjndhyans, the Gondwaiias and the 
Deccan Traps occupy the rest of the area^ except pirts of the coastal 
regions. In the Extra-Peninsiik, marine sedimentarv' s>^tems preden 
minate, though parts of the Sub-Himalaya and the main axis of the Himalaya 
am occupied by ancient mctamorphic rocks and intrusive igneous rocks^ 
A full succession of fossiliferous sedimvntarv' s^'stemSK extending from the 
■Cambrian to Eocene, is met with on tlse Tibetan side of the Himalaya, 
while the southern or Sub-Hiinala\?an itonc contains a different facies which 
is pructicallv unfo^ililerous. The fossiliferous facies trttu^rcsses to the 
south of the central Himalayan SEone in Kashmir. 

Beyond the sharp s>mta.\ial lK?iid of the North-western Himalaya 
near the Nanga Parhat, the Haiiara area shows unfossilLferous Palaeozoics 
and fossiliferous later formations ^ hut further souths the Haluchistan 
arc is built up mainly of post-Carboniferous systems which sweep doviTi 
in a broad arc to the Mekmn region. The eastern part of this, forming the 
mountain chains of Sulaimaii-Kirthar-[.akb shows a calcareous facies 
while the Wdstem part is largely a shale fack^ with flyschdike low er Tertiaries, 
To the east and south of the Sjmtaxis of northeastern Assam, iu the 
Burmese arc, Tertiar)^ rocks form a broad zone with a core of Upper 
Mesozoic rocks w htch constitute the mountains of the Assam-Burma boiler 
and the Arakan Yomiis. To their east is the Shan-Tenasserim belt of 
pre-Tertiary^ rocks which belong to theS.E. Asian geological province. 

The major strutigraphicai divisioEis of India are shoxvri in Table 5 
together with their standard European equivalents, these being arranged, 
as usual, in the order of increasing antiquity. 
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Table 5—Major Geological Forilations of India 


Recent 

1 r P 

RiHzent olEuvia. Sand dunes, Soih. 

Plcialixene 

... 

OEJer nUuvia, Kan^w^ of Koahrair, ond Pldttoccne 
river tpmc«i#lc. 

atio-Pliwjene 


Imvwnddy juiti Mntirchh&r Sy^ttras ; Cud- 
d^lorc, WarkiUi and Rajumalicndrl SandJtencs. 

OllgB->Ui«®iie 

■r + + 

Murrcc and Pegu SvTateftlS : Xiri and Oaj Seiica. 

Eocene 

... 

RartikEJt-LakL-KirtharCliharat Scri« ; E^hcetw of 
Burma. 

L. Ecteenej Up- tretiCKHJi 

... 

Trapf »nd tnter-trmppcanS 

. Cretm^oous 

1 !■ + 

CrotacoQLLs of Trichinepoly, .Asaatia and Narmada 
V'aUey ; CSumal and Chikkim Seriw ■ Umia Bnhi, 

JinnsaJir i.+ 

+ +* 

Kioto Liffl^atone and Spiti Shales ; Kota-Rajmiilul 
aud Jalhalptir Scried 

_ <rriasildc t n 

... 

Lilatig System includinf; Kioto t.lmestone ; 
and Series. 

Pennian 


KulLng Syalcm ; Darauda Bv-atem. 

Qirbofuferous 

..i 

Ufhfkk and Po Sciiei : Takhir Serios- 

Dcv'cnidit 


Atath QnaitsEitCr 

Silurian 


SduHan of Burma and Himalayas 

Ordo^vidBii . 

1 

Ordovioao of Burma and Himalaj^. 

Cafflhrdiui 


HaimantA Sj-Btem ; Garbyang Sedti, 

^ AlB^nkian 

... 

Cuddapaiti and Vindhyan ; Lki^ra and Simla 

State? ; Martoli S«i». 

Arcbaean 

... 

Dharmr and Anv^i Sj-Atem? ; Salkliala. Jutogh 
and Baling Series, v-arioui gnrifua. etc. 


In 1904, in an artictu in the Imperial Gazetteer ot Indirt, Sir T.H, 
Holland proposed a new dassification of the [ndi»n strata in which the 
Cuddapah and Vindhyan systems were grouped together under the name of 
Purana Group, corresponding to the Algonkian of America, which is now 
generally referred to as the Proterozoic, The strata from the base of the 
Cambrian to Middle Carboniferous were put together under the Drm^idian 
GrouJ^. At the top of this group and below' the Takhir boulder-bed there is a 
well marked and universaJ unoonformity. Alt the rocks from the Talditr 
boutder-beds upwards were placed under the Aryan Gr^p which therefore 
includes cv'ciytbing from the Upper Carboniferous to the Pleistocene. 
Of these, only the term ' Parana ‘ is sometimes used in Indian geolii^cal 
writings and the other two hav e not gained any curreno', 

Tlie main dUisions shown in the Table above have representatives 
in different ari^. \^aT>ii]g in faries and lilholog)". Besides deep-sea and 
coastal facies^ we have also estuarine, fluviatile and continental fades of 
diUcrent ages. It is fairly easy to correlate the marine systems of the 
Extra-Peninsula with those of the coastal regions of tire Peninsula because 
of the contained fauna^ But in the case of the fiuiTatiJe and continentai 
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deposits, the faunas are of local distribution and have special characb^ 
for which then? are not escact equivalents dsewhere. Their age can be 
settled with some confidence if they are in some way connected with marine 
beds or if the age of any similar formations in other iKirts of the worl 
has been worked out. 

Tliere are several stratigraphkal problems in this sub-continent which 
await solution. The regional peculiarities of strata have n«cssitated 
the growth of a considerable number of local names which have on y a 
limited application. Geological work was originally done in a scrus of 
detached areas which compelled the adoption of local nomenclature. As 
these areas were connected up by the mapping of the interveiung tracts, 
some of the local formatiou names have become superfluous. But, in a 
lurge numlJcr of cases, even though the general equivalence or homoUsis 
could be recognised, the local nomenclature persists because'of the lack ol 
identity of characters or of complete parallelism of strata in diHcrcnt parts 
of the cou^lt^^ 

By far the greater part of India has hetn mappetl in a general way but 
there are still some blanks in Orissa, along the Assam-Burma border and 
in the Himalaj-a. These are gradually being filled up while Mvcral of 
the more important areas have been undergoing revision. Hence the 
stratigraphic information a^ilabte on different irarts of the country is of 
van-ing degrees of reliability, detail and precision. Among the best known 
areas at present are Mysore, Chota Js^agpur. the Nagpur-Chhindwya area 
of iladhya Pradesh. Rajasthan. Salt Range, the Sub-Himalaya of Simla- 
CarhwTil and parts of the Tertiary belt of Burma. 

A generaliscfl picture of the geological succession in different ar^ 
is presented in Table 6 which may be useful for reference purposes. Furth^ 
details about individual areas will be found in the relevant chapters in 
which each geological SA'stem is described in detail. 


Table 6—Genekal Geological Succession in Diffehent Pahts of India and BuRSdA 
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CHAin'Ki? l\ 

THE ARCHAEAN GROUP—PENINSULA 

INTKODUCTION’ 

The term Arthaeatt was introduccfl by J. D. Dana* in 1872 to desig¬ 
nate the ftuTnations older than the Cambrian. In America it is now 
lestrictcd to the highly metamorphosed schistose, gneissic and granitic 
rocks, while the term Algoitkian or Pre-Camltrian inclndcs undonbt^ 
original sediments Iving below the base ot the Cambrians. In India, the 
fonnations below the Eparehaean (opi-Archaean) imconfomiity. i.e., the 
unconformity at the base of the Cnddapah System and its cquividents, 
have been included under the Areliaean by Sir T. H. Holland , with whicti 
view- Sir L, L. Fennor^ ha-S agreed. Within the Archaeans art included 
certain sedimentarv rocks or mixtures of sediments and igneous rocks, 
these being gencral'lv separated into the Uirer Transition System in order 
to differentiate th«n from the Upper Transition systeitw which api^r 
above the Epatchaean uncotifomiily. The tower Transition rocks which 
occur in compressed and partly buried synclinoria in South I netw were 
included by R. Bruce Foote* in bis Dharvar System, named after tfm 
district of Dharwar in Southern Bombay. This term has since actimred 
a wider significance than that given by Foote through the work of several 
Geologists among whom are W. King, J. M. Maclaren and . 'eitnor, 
so that it is now often used as a geiieraJ term for the similar fonnations 
in other parts of India. Though objections have been raised to ^ich a 
general usage, the term has become so well entrenched in Indian geological 
nomenclature that it is scarcely possible to discard it. Used in th^wi broad 
sense, it serves to designate the schistose .Archaeans older than t e .jKir- 
chaean unconformity and to indicate the approximate homotaxial re ation 
ship of these lormations in various parts of India, The Oliarwanan may 
therefore be said to include those Archaean formations which compnse 
"both igiitous and sedwnentarj' material^ "^vbidi have btcn rend ^ ist^se 
by intense folding movements. They correspond roughly to the Huroman 
of North America, w hile the gncissic rocks associated with them correspon 
to the Laurentian and Keewatin* 

The Archaean rocks arc unfossiUferous as they were formal at a time 
when the conditioriiJ for the existence of life were unfavourable. For n 


1 j-fiHfr. Jour. 5tir 3. p- ISJ. 1872. 

* AJifi, GetJ, iMst. h P- I90'7, 

^ XXXVn. pp 23&-23S. 

* flic.G.SJ. XIX, p. n, 1886. 
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rea^n they ari? rtfemd to as ihv Astejk groii|i. \Vc find however that, 
at the beginning of the Cambrian^ a rich hum apfwars all the world. 
This Icatk us to infer that there a long period of evolution when 
primitive organisms such as skeleton-less so ft-bodied anuiials arid plants 
nf the tj'pe of wohiiSh algae, etc. Nourished, Such organisms would be 
'iiliable to leave any recQgiiisable impressions or relics^ which could sundve 
the repeated arid intense metamorphic processes to which the earth's 
crust was subjected in Pre-Cambrian times. Some relics have beeu obfser^'cd 
in the unaltered setlJmcntary' Pre-Cambriaris but lliere is often an ejement 
of uncertainty about them as w-e am unable to distinguish them from 
inorganic structures. 

The Archaeans form the basement or foundation of alt the sedimentary 
systems. Because of this and their complex constitutron, they are referred 
to as the * basement complex \ ' gnelssic Complex * or ' fundamental gneiss '. 
The areas in which they occur are callcti ' shields * because of their great 
resistance to later earth movements which have left them practkally 
unaffected. U was at one time believed that some of the .Vrcliacan gneisses 
represented the primordial or first crust formed on a cooling globe. We 
now know that the Archaeans have iRcti affected by several pericKls of 
diastrojihi^m and large sralc igneous activity. Though some undoubtedly 
very ancient gneisses should imderlkr the oldist schistose members of 
sedimentary' origin, they are so complex iti nature and must have had so 
varied a history^ that they could scarcely be rc:garded as representing the 
original crust, 

Prom what has been said abi>ve, it will be apparent that the division 
of the Archaean Group into an Archaean Synstem and a l>harw'aT Syrstcfti 
should not l»e carriwl to the e.vtent of describing each as a separate unit, 
since the two are wry closely and inextricably associated and since somo 
of the granites and gneissii^ ordinarily thought of as Arck^eaii may merely 
represent certain hoHxorts within the schistfj^sc members. Hence these 
fomiatkins are describetl regionally in the follow‘itig pages. 

Distribution. -The Archaeans occupy' about two-thirds of Peninsular 
indla and also the greater piart of the islaiid of Ceylon which is but a fragment 
of the former, now separated by a shallow strait. They stretch from 
Cape Comorin to Madhyn l^desh and Bthar and continue apparently 
underneath the Ganges allu%'ium into iIm? .Assam plateau : the .Mysore- 
area is also presumably connected with that of Gujarat and Rajasthan 
l>enealh the Deccan Traps, This ™t stnetch includes parts of all the 
States of the [nrlian Peninsula. 

In the KxlTa-peninsukr area the Archaeans are foutitl in the Lesser 
Himalaya and also in the Shan-Tenas&erim belt of Burma. 
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MYSORE—SOUTHERN BOMBAY 


This constitutes the ty|^e region of the Dhanvar S^-stem studied by 
R. Bnicc Foote in tbe eightcen-eighties. Since then a considerable amount 
of work has been done by the Geologists of the Mysore Geologic^iJ Oepart- 
nient. This region (including the adjoining part of Hyderabad Stale) 
is occupied, by gneisses and granites which are traversed'by a number of 
bands of schistose rucks, the latter being named after the places lying on 
them : 


L Castle rock 

2. Dharwar-Shmioga 

3. Gadag-DambaJ 

(or ChitaJclrtig) 

4. Saudnr-Copper Mountain 
5- Htdiary-Kushlagi 


6, Fenner-JI uggcK 

7, Maski-Hatli 
H. Bomanhal 

9, Kolar 

10. Kakhur 
1L Gadwal 


Besicles these there are several small strips scattered over this and the 
neighbouring regions. These are all thonght to be remnants of a great 
formation which formerly covered a large part of Southern India and 
which have escapcrl denudation because they form ssmclinal strips folded 
in with the gneisses. The larger ones are evidently cJosely folded symclinoria 
in which some members may be repeated by folding. For example. Bnice 
Foote noted about 36 beds across a section in the Sandnr band w^hich he 
believed to form a simple syndine with m overturned easterly limb : 
since the total thickness, on this interpretation, would amount to 6 miles* 
it is ver>' likely that this is a syndinoriuni in w hich some part of the section 
is repeated by folding (Fetmor* Afrm. LXX, p. 62, 19361 The rocks are 
isoclinally folded with a steep easterly dip and contain a succession of 
handed hematite quartrites, schists, amphibolitic and epidiorites* 

The Dharwaiian rocks have a regional strike of N,N,W.-S.S,E* which 
becomes N.-S. in the southern part of Mysore and e^en veors to a N.E*- 
S,W. direction near the southern border. 


The Archaean succession of Mysore was described by Smecth in 
1915* This has since been revised by B. Rama Rao, whose latest ideas 
have beim given in Bulletin 17 of the Mysore Geological Department. 
These two classiftcations are given in Table 7 for comparison. It may 
be added that Rama Rao's ideas contoim. in a large measure, to those of 
the geologists working in other parts of India and of the present generatJon 
of My'sore geologists. 

In Smeeth's classiliealton, the Dharwars. the oldest formations in 
Mysore, were held to be entirely of igneous origin and divisible into a lower 
Hornbirndk division and an upper CMcritk diviiwn. This lithological 


IV] 


Ai^CflAKA3^ GROUP—PEMN5L-LA 


m 


clussifitation has been fayjid to be untcfJilble for it depends more on the 
regional metamorphic grade than on the age and stnatigraphical relation¬ 
ships df the constitnent members. In the northern parts of the State, 
where the Dharwars form wide hands, the chloritic ty^ies predominate in 
the form of greenstones an<i chlorrte'schists, while normal limestones, 
argillites and quartzites are also seen. In the central region^ amphibolites 
begin to develop while the sedimentary' t>'P^ become schistose, recry's- 
talliscd and ailicified. The southern tract contains only comparatively 
small lenses and strips of the Dharw anans amidst the gneisses and they 
are mnspioiously homblendic, coarsely recrystallised^ granulitic and 
fresh-looking because of the higher grade of metamorphism. Here the 
argillaceous sediments have been rccanstituted into schists and grarLuliti!S 
with garnet, oordiorite, statirolite, kyanite, sillinianitc, etc,, while the 
feiTOginous ^|uart£ites have become dominantly magnetitk. It w'ould 
appear that the Dharwatians in Mj'sore eschibit northerly pitching folds ; 
the southern region exposes the deeper parts of the folds with their highly 
metamorphosed rocks w'bile the northern region shows only the shEillower 
parts of the folds with rocks of Ioav grade metamorphism. 

Formerly, all the Dharwarian types were regarded as of igneous origin : 
the conglomerates as Emtocla^tk and derived Irom felsitea and porphynnes : 
the hacmatitc-t^uartzites as altered and silicLEed amphibole rocks, and so 
on. This view has changed in recent years and a considerable part of the 
Dharwarians is now recognised as of sedimentary origin. The conglome^ 
rales and grits are found oit closer examination to exhibit ripple-marks 
and current-bedding. Tlie banded ferruginous rocks are recognised as 
original sediments with alternating bands of cherty or chaleedonic silica 
and iron-rich jasper or haematite, the nature of the iron oxide as well its 
the pnesertce or absence of amphibole and garnet lieing determined by the 
degree of metamorpbism. The limestones and calc-granulites. which were 
regarded as products of metasomatism of igncoiis n>cks, are in part at 
least sedimentary, Some of the conglomerates which were first described 
as antcrtdinstic, i.tf, ais pseudo-conglomerates w'hose structures were produced 
by shearing and rolling, are now' mgarded as sedimentary' in origin. 
There are^ of course, also metamorphosed igneous rocks such as amphi¬ 
bolites, amphibolc-schists, toic-tremolite-schists, serpentines, sheared 
porphynies, Jelsit^, etc. Amongst the mixed types are various gneisses 
containing biotite, hornblende and garnet, pyTOxene-granuiites and calc- 
gran ulites. 

Ranui Rao has divided the Mysore occurrences into five geographical ^ 
groups or zones from west to east. The w'estemmost contains mainly 
hotmbicndic schists and thin bands of hacmatite-quartEitcs. The west- 
central group, comprising the Shimoga and Hababudan belts, shows a 
fairiy full successioti, banded ferruginou-s rocks and manganilerous rocks 


TABLE 1 —The Archaean SuccESsroN in Mysore 
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occurTing in iot€& in the Rababudan hdb. The central group, comprising the 
Chitaldrug. ChSknayakanhaUi and Kagamangala belts, show s much igneous 
material and also banded ferruginous rocks and limKtonea, The east-ccntial 
group includes various small occurrences in which both regional and thermal 
metamorphic elTects are disecmible which have produced several interesting 
rock types— ^|uart£-magnetite>gninutites, garactiferons qtiarlxitcs, gamet- 
quartz-pyToxenc-granulites, siUiniamte-cordieritc^gndsses. sUlimanite- 
quartzites, cordicrite-hypersthene gneisses, cordierit^mica cum- 

mingtonitc-schists, pyroxenc-gndsses, etc. The easternmost is the Kolar 
schist-belt which is ot great economic importance because of the rich 
gokl-licaring quartz lodes in it. It is 40 miles long and 4 miles broad at 
its w idest and is composed of horabkndic rocks believed to be of Igneoxis 
origin, with a band of autoclastic conglojnerate at its eastern Ixirder. 

According to Hama Rao. llie Shimoga scbist-l>elt in the west-central 
area exposes one of the best deveJoped sections of Dharw'ars, lypicaL 
current-bedding and ripple marks, indicating undoubted features of sedi¬ 
mentary^ origin, ha^'e been found at several places in this belt in recent 
years. The oldest rocks arc baric voLcanics overlain by rhyolitic flows 
and tuffs and intruded by sills of felsitc and porphyri|\ With these are 
intercalated bands of chert and haUeflinta. They arc succeeded by thick 
be<ls of conglomerate containing pebbles of felstto, quartz^porphyry and 
quartzite. Above these are micaceous quartzites showing current-Wding 
in the upper layers. Thf?se are the earliest undoubted sediments in the 
Dharwars. The quartzites are succeeded by slaty schists, limestones and 
banded femiginous quartzites, intruded by bosses of granite-porphyry. 
Thh scries is followed by a bed of conglomerate iMkating a period of up¬ 
lift and denudation. Further sedimentatTon laid down a seri^ of sills 
and fcrniginous quartzites aliove these rocks. The succession in the 
Shimoga belt as worked out Irom several sections, is showm in Table 8. 

It will Iwr seen that the Middle Dharwars contain conglomerates, 
limestones and dolomites and banded fcrniginous rocks. Several of the 
conglomerates which wens originally thought to be sheared igneous rocks 
like porphjTics, liave sirtco been leeognised as sedimentary' conglomerates. 
They are seen in several ejcposures in the north-eastern parts of the State- 
Many of the limestones are really magnesian ordolomitic to a vary ing extent 
and these arc particularly abundant in the northern part of the State, The 
banded femiginous quartzites occur l>oth in the north and in the south. 
In the north tkev are of the nature of hematite quartzites which have 
given rise to bodies of rich hematite or like thorse of the Eababurkm hills 
which are now' being worked- fn the sonthem parts of Mi'sore they are 
composed of magnetite arui quartz and sometimes also amphibole (cummir^- 
tonite and bababudanite) and garnet, as a result of the mctarnorphisni. 


106 


CEOLOCV OF INDIA AND BL’KMA 


[chap. 


TABLK 8—Dharwariax succESSios in the Shihoca belt 


(After B. Rama Rao. Mysore GeeA, Def 4 , Butl, 17 . p. J(S) 


Uppw D3llir«'iiT^ (SulekcTE Seri«} 


FcrruginoQi quartiltes aiiij cherty fcr- 
ftagjnouft alatfs with thiii mtcrcolatioiu 
argillitk kyers mii probably o£ ash 
beda. {Rain-priqta and atan-crackji in 
fotnc ttcctioiu). 

{J) Friable feiTOgulUnS ailts and micaccoas 
ffiiTu^mbua intercalated with thin 

bondi of Umestcnc towards the top, 
Boidc liomblciHLi^ nlla. 

(f) Arf-imtic Arid cakaiwus silts and fine 
gminHl quiutritea With minute groini of 
opolrSccnt quoxti. 

(h) OuAniitcaH 

(a} Jondii^tti and Koldut^ga canglameratea 
containing pebbles of granitic rocks, 
retruginonf qaaltiitH, schiatB, Etc. 


Granite-porphyr)' fnaues of Rangandurigit, Balckal and probably granites ot Honnali, 
Shimoga and adjacent pom. 


cuddle Dharwon (Hosat Series) 


I (rj Banded bAefflAtitO^uartzitca (Chandi- 
gudda antcrope), 

{<#) Umofttones. dolomitea and saticeoua 
limestone. 

{c} ^yllitlc and ch^dc schista, grey or 
grbenjah. 

(6) Solicitic grita and quartzites with coarse 
gralna oI opaincent qnartz. 

fa) C^Migtomeraces (ahowing pebbln of 
^ quartzites ' and quaitE^porph^Ties), fd9- 
I, pathlc griu and grcywacbcs. 


Lower Dbamars (Igneous CampEex) 




" (c) Silb of dnartz'pnrphyry^ fclsite and <rtlitr 
types Of acid intrusivoa and their schlatote 
phjuea. 

(fr) Acid and intermediate fiows—rhyolitEs, 
keratophyies, ett , witli intEttialatEd tuda 
and asb-beds now teen u dark grey or 
bluiah argiditic layers ami beds^ altered 
in plaoeti into compact bomstones in 
contact with (f), 

(«) Compact greenstone and grzcnstofle- 
achista, micaceoos or coldlerDus chlorite- 
achistfl, etc. (Basic and intermedutte 
lava dowa probably with admizicd ash 
bedi)- 


It may be mentioned that a few eomparadvdy small arcas^ parti- 
cnlarly in the Ttimkur and Bangalore districts, contain special types of 
rocks amongst which may be tnentioned 

(I) Bandite *erfe« near BandlhaUi^ Bangalore dlatiict, corapriiiag gazneti- 
ferons homblecdE^graJiulitei, cordi^te-silliuanite-gQEAaBcs, quarta-inAgnetito* 
gronulites. eta. 









MAP IV 

The Dharwars of South India 
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(2) Kodamhe qerle^ around Kckblnhalli, Manj^alorc diitrHit, and con^ 
sitting oi co^nJitrLtF-biHslitO gnclssH ^itli Eillamamte and garnet, gamcltfcrans 

•C|ijartE-iiiagn«titp-py'rcncenc grannlitc?, Hc+ 

(3) f BlduldLl Bfiric4 named after BidiLljDtL near KorAtgerf, TurnkLir ftod 

including dicpsLde-gfanMlicnrdi«nte-h^'pernliofit'rodt, ftillimiinit«-qu4irti;it» fimd 
quartr^magtlffcite granuUtOS, 

(4) Sabuniiftltf s«r|«s which ij dr^'^^oped Saka»anhaJU about 4 mdos 

S.E.W. uf lihEojiattam in the KvLar dlatnct,. ccntiffta of cak-graHuhteaip hombleode- 
gjanulite, ELllimanite-quartEifcfi, ErummingtiHiilc-schiatiw mangimifemuB limeatonOd^ 
etc. Th^ cociBpicnoiu member ^ the block manguniferaua hmeatonn or marble 

whot4 colour i* due to the partial decompoaitiem of the nmngane^ garnet present. 
B. J ayaram of the Alysorc Grologkat tiepa ttmmt consklom! thoso ai one of the Dld»t 
diA'iniann of the Dham-am while E^ampat Iyengar thought that they^ wefr metamor¬ 
phosed igiieons Tockfiij In conformity with the then prevalent \riewE of ttte Mysore 
Ceologbta on Pharwarian rockB. Similar views were also expressed by it. D. LtoxQa- 
dumdra Kao and K. Sripada Rao (1934) w^ho made a fairly detailed study of this 
group oi rocha^ Former, however^ pointed out that these manganiferpliB rocks and 
marhlea have a gr^l resemblance to those of the Sausar series in Madhya Pfodesh 
and that they arc cffifcntially sedimentary in origin. The aaine mode of origin should 
also bo attributed to the other series of rocks menlioned above, for they are chaiaotcfisefl 
by mmefnla tj-pical of metamorphic rocks dcth'‘ed from seillinents^ r«.+ silUmanlw* 
cordlerite, garnet, staurolite, etc, 

Champion Gneiss,— Presumably" TOimger than the Dbam-ars is the 
Champion gnehs whieh is a sheared ^ grey, micaceous gneiss whi»o type 
area is the eastern edge of the Kolar schist belt* It contains blebs of 
opalescent p grey'-colouned quart;!.. Some other acrid igneous rocks like 
keratophyres, rhyolites, quartz^porphyries and some granites, which als<> 
contain the same opalescent quartz, arc included with the Champion gneiss 
group, but it is not alw-ays easy to distinguish some of them from the typs 
belonging to the Peninsular gneiss group. According to Rama Rao it is 
desirable to restrict the use of the name Champion gneiss to the stocks 
and bosses of granite and granite-porphyry whkb are older than the Penin¬ 
sular gneiss. 

PenlftsuEar Gneiss.— Gneissic rocks belonging to this are the most 
W'idc-spread group of rocks in ^Ey'sore and in many parts of Southern IndLi, 
They consist of a very heterogeneous mixture of different types of granites 
intrusiv'e into the schistose rocks after the latter w'cre folded, crampled and 
metamorphosed. They Include granites, granodiorites, gnet^ic gramts 
and bandctl or composite gndsses, the granitic constituents ot which show 
distinct signs of intrusion. The banded gneisses consist of w^hitc bands 
of quartz-feldspar alternating with dark bands containing hornblende, 
biotite and minor accessories. The gneissic types are due to the intensive 
granitisation of older schistose rocks and show streaky and contorted bands 
some of which are granitoid to poiph^titic and others grantilitic. The 
granitic group ranges in composition from gramte, through granodiorite 
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to adamclHte. aiigite-dioritc, monjEOnite^ etc., and contains incliisjons of 
hombicndic rocks. To what extent they represent intrusives of different 
ages it is difficnlt to say, but their very complex nature is unquestionable 
since they include coni|Kisitc gneisses, migmatttes, granitised older crys¬ 
talline rocks and true granites with their aplitic and quarts vein syslems. 
They may represent rocks of different ages, the earlier schists and the 
later intrtisions of p>ssibLy different periods. They have scarcely yet 
receivwl any attention but it will be necessity' to study them in great 
detail in order to understand the geological history of the Archaean era, 

Charnockiies —1 lie next younger group of rocks is the Chamockite 
Series, originally described as Nilgiri gneiss or Mountain gneiss after the 
Nilgiri moun tains south of Mir'som which arc almost entirtly composed of 
i them. They comprise a whole range of mcks varying In compo^LUon 
1 iwjn acid to the ultrabosk. The name was first given by T. 1 i. Holland 
(1900) to the acid type fhypersthenc franitej in memory of Job €hariKM:h, 
the founder of Calcutta, The name has also been extended to the vichole 
series, 

f These rocks are characterised by the presence of hvpcrsthene ; bluish 
grfcy quarts; and feldspar are found in the acid and intermediate rocks 
imparting to them a charactcristsc dark blue-grey greasy appcanuice, 
Microperthilic microcline is found in the acid rocks, and oligoclase or 
andesimNlabradorite, often anti-perthitic and untwLnnedp in the others. 
^ Hypersthene is generally strongly pleochroLc in pink to blue-green colours. 
Pale green angite or diopside and hhic-green and green-brown plcochroic 
hornblende occur in the more b4sic rocks, the hornblende being often 
6ccondar>' after diopside. Biotite only occasionally found, tjamet 
is fairly common : it is sometimes derived from hypersthene and horn¬ 
blende, being * ,spong)’" with vermicular inclusions. In the basic varieties 
it Is a pyropc-alnix^ndite similar to the garnet of eclogites. The minor 
minerals are magnetite [generally litanifcrous), ilmenite, nitik, spinel, 
zircon, apatite, b ut ap henc is ab&enL Quarts and feldsf^ar often contain 
inclusions of minute needles of rutile and may be clouded by dusty material. 
The specific grasdty varies from 2*61 in the acid varieties containing up 
to 77 per cent silica to 3-3 in the uUmbasic varieties containing 48 to 50 
per cent silica. The basic and ultrabasic varieties occur generally as small 
lenses and bands but the intermediate varieties may form liosscs and occupy 
large areas. Ail the typ^ may be gametlferous. 

The type area of the chamockites is St. Thomas Ifount and Pallavaram 
/near Madras. According to A.P, Subramantam the acid charnockites of 
Holland are represented in the type area by hypersthene granites, hyper- 
sthenc-quartz-sj^enites and enderbites, while the basic chamockitos are a 
group of pyroxene granulitcs. W'hich are not genetically related to the add 
charnockites. The intermediate charnockites arc considered by Subra- 
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rnaniam to be hybrid rocks formed due to incorporation of the pyroxene 
granulites by the acid charnockites. 

R. A. Howie (1955) considers the Madras charnockites ‘ to represent 

a Plutonic igneous rock series which has undergone teerystalH?ation in the 

solid state on being subjected to pin ionic metainorphism 

The charnockites occur over large areas in the Peninsula. They 
occupy the Eastern Ghats from Balasore southwards to the Krishna ^'alley, 
Nelbro. Madras, the Shevaroys, Palnis, Nilgiris and the Western Ghats of 
Southern Mysore, Coorg, Malabar, Cochin. Tmvancore and Ceylon, Several 
districts of Madras contiiin areas of charnockite, Smaller exposures 
•of similar composition have been found in the .Assam plateau, Sant ha) 
I’arganas (Bihar), Bastar, Holangir. Bamra (Orissa) and in Madhya Pradesh. 

The charnockites show a combination of chaiacteis of igneous and 
metaniorphic rocks. They form bosses and lenses, along the margins of 
which crash zones are sometimes seen. They send out apophyses and 
veins into the surrounding rocks. Bark sthliertH or segregations arc found 
as inclusions ; these may consist of augite, hypersthene and biotite or 
conindum anti siDimanitc. Tongues of charnockite culling across the 
foliation of the countty rocks arc found in Salem and Xoith Aroot. 
Phenomena of partial assimilation and hybridism are noted rear KondapaUc 
(Krishna District). Polavaram (West Godavari) and other places in the 
Eastern Ghats. Banding is fairly common m the Shevaroys, Nilgiris 
and in parts of the Western and the Eastern Ghats), but the bands are 
neither SO conspicuous as in gneisses uor persistent, for they can be followed 
only for a few j'artls and are gcneraJly distinct only on 'voathcred surfaces. 
The bands consist of light feldspathic and dark homblcndic or pyroxenic 
materials. Rarely are lit-par-lit injection of charnockite into other rocks 
seen. Contact phenomena and fine grained sdvages along margins are 
not common, but are occasionally seen. Bands of mylonite have been 
noted along the margins of lenses in Salem and Mysore (these were originally 
called irap'shotten gneiss). The handing or crude foliatior seems to 
has'e been impartctl during emplacement and there are tw marked evidences 
of post-consolidation folding or compression. The foliation is generally 
parallel to the regional strike—E.S.E. in the Nilgiris and in Salem, 
N.X.E. near Madras, N.E. in the Eastern Ghats, and N.N'.VS’. to N. m 
Coorg, Western Ghats and Southern Mysore, 

Charnockites or rocks with much the same characters ha%’e been found 
in many other countries, c«*. Burma ; Western and South-western Australbi; 
Kenya, Uganda. Tanganyika. Natal. Cape Province. Madagascar, Central 
and West Africa ; Adelic, Enderl>y and Queen Mary l-mds in Antarctica ; 
Bahia in Brazil ; also in Tinland. Scandinavia. Scotland. Greenland, 
and New- Vork State, etc. As a result, a considerable literature has grown 


OEOIOCY OF INDIA AND WRUA 


110 


[CHAP- 


on these rocks* a campreheDsive summary of which has been published by 
Br. C. S. Pichamuthu (1953). 

^ The rocks were studied first by Sir T. H. Holland (1900) and desertbed 
in a monograph. He thought that they represent an igneous suite as they 
possess a complete range in composition from acid to uftrabasic types 
and show the phenomena of intrusion, segregation and assimilation. 
Several years later^ the study o^ similar rocks from the Adelle Land in 
Antarctica led 1% L. Stillwell to describe them as products of plutonic 
ULetamorphism, though exhibiting phenomena characteristic of igneous 
masses, \’redenbuTg (1918) believed that they represented the meta¬ 
morphosed mernbeis of the Dharvariaii Systemn A. Groves (1935)^ 
from a study ol the chamockites of Uganda, advocated the xiew that 
they were more or less nonnaJ igneous rocks subjected to metamorphism 
at great depths and characterised tjy ' dry^ * minerals with a low proportion 
of hydroxyl molecules^ absence of carbon dioxide, abundant nnTmeki- 
tisation and containing feldspars with exsolved perthite or anti-perthitc 
etc, C, E, Tilley (1936) described a granodJoritic rock with quartz, acid 
plagioclase (antlperthitic)K h\"persthene, magnetite and zircon, which ho 
named Enderbifir^ This is therefore a type of acid chamockite containing 
high silica, low' potash and high btne, the microclinc of the add charnockitc 
being represented here by pligodase-andcsine. P. X. Ghosh (1941), from 
a study of the chamockites found in Bastar, Madhya Pradesh, concluded 
they were derived from the metamorphism of sediments rich in I’C, Mg and Ca, 
first giving rise to diopside-gneiss, which at a higher temperature changed 
to basic charnockite in which hypersthene was formed from diopside. 
At the next stage the fddspar and diopside would give rise to hypersthene 
and gamttp white hornblende would form with the fall of temperature. 
He attributed the formation of intermediate and acid varieties to additions 
of soda and potash by granitisatioii, B* Rama Rao (1945), from his ex¬ 
tensive acquaintance of the chamockites of Mysore, came to the conclnsioii 
that they w ere formed by different w ays from a variety of pre-existing 
rocks : these included recrystallised siliceous, argillaceous and ferruginous 
sediments Avhich would produce hypersthene graniilites ; norites and basic 
dyke rocks which would give rise to pyroxenites ; rocks rich in magnesia 
and iron which W'ould be converted into intermediate or acid charnockite 
by the action of add magmas. He found no clear evidence of intrusive- 
phenomena and believed that mncli of the charnockite was older than the 
Peninsular gneiss. 


In his study of similar rocks from West GreenlEind, H. Ramberg (1951) 
found enderbltic gneisses in association wdth khondahtc (garnet-siIlimaiiit<N- 
graphite gneisses) and kinzigite (cordierite-silfiiuanite-gamet gneisses)* 
He came to the conclusion that enderbltic gneiss was formed at low’ levels. 
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in the crust, the condjtions there favouring the upward migration of hydroxyl 
TUolixulos and dements of low^ density and large atomic diameter 
t>otassium). Titajuum and iron would tend to be liberated from the 
silicate lattices and form rutile and ilmeziite. 'Fhc minerals stable under 
those conditions are hypersthene, gamel and sill imanite which would develop 
at the expense of hornblende^ biotite, musco^dte, epidote^ etc^ At higher 
levels, nearer the surface, granitic and granodioritic rocks would develop 
and also high'aJumina rocks like khofidaUtes, 

F. J. Turner {I94S), in his treatise on metamorphic rocks, shows that 
under the conditions of formation ot the granulite facies, the acid char- 
nockite would be produced from add magmas and basic chamockite from 
rocks of noritic and similar composition. Hornblende in these rocks may 
lie in equilihrium or may be formed from diopside ; it is generally rich 
in alumina and pH>or in hydroxyl. The garnet of this facies is pyrope- 
almandite. Feldspars liold much Na or K in solution which are later 
cxsolved and appear as mkmpcrthite or antiperthite as the case may be. 
Corundum, spinel and olivine appear in sUica-poor rocks. 

It win therefore be seen that rocks with the characters of charnockites 
may be farmed under deep-seated (kata^zone) conditions and may behave 
as igneous rocks. They were probably intruded into the country rocks 
at considerable depths so that the contact phenomena are not as prominent 
as in the case of intrusions of hot magmas at shallow deptlis. In course 
-of time some mineralogical changes have accurred, such as the formatioa 
of atnphibole from pyroxene, appearance of coronas of garnet around 
hypersthene, and separation of potash from the soda-limB feldspar and soda 
from the potash feldspar Their prescuca at the surface as prominent 
hill masses may be due to uplift in post-Archaean times* which may to 
Some extent explain the general freshness of their appcararice and the 
compaiatively light weathering they exhibit. 

Closepet Granites.—These form a w-elbinarkcd band about 10 miles 
wide running north to south through Closepet and Channapatna. A few 
other granites in the State Chitaldrug, Hosduiga^ Arsikere and 

ChamundJ granites) are also probably of the same age* They are coarse¬ 
grained. porphyritk. grey to pink biotite-granites containing industons of 
various tvpes of older schists and granulites. Some of the inclnsjoiis 
Ira VC been granitised and modihed in composition to dioriteSni The granites 
are occasionally foliated in the marginal portions* while the adjacent rocks 
are in manv cases contact-altered. A series of porphyries^ felsites and other 
differentiates traverse the Closepct Granites, 

This same type of granite Has been described as BelLary gneiss* Arcot 
gneiss, Hosur gneiss and Balaghat gneiss outside Mysore in Southern India, 
The Dome gneiss of Bihar and the Bundelkhand gneiss of Bundelkhand 
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and Rchjasthaii are also siinilaT, though the last is regarded as pre-x4nivalli 
(pre-Dharv,arJ in age by A. M, Heron. For this type, in South India, 
the generai term * BelUry gneiss ' has been suggested by Fcrmnr. 

HYD£1L\BAD 

The Dhaos-ars arc well displayed Ln the south-western parts of Hydera¬ 
bad State, A few outlying bands are seen furtlier east in Karimnagar and 
Warangal districts. They consist, as in M>'srne, of hornblende-, talc-, 
chlorite- and mica-schists, quartzites, femiginons quartzites, etc*, having 
the same (N%\*AH\-S.S.E4 direction of strike. The rest of the countr>' is 
occupied by gneisses of which there are two types, a Grey gneiss and Pin^ 
gneiss. The Grey gneiss, which corresponds to the Peninsular gneiss, is 
conspicunnsly bandcti, the light bands bcit^ rich in quartz and feldspar 
and the dark bands in mka and hornblende. The Pink gneiss is granitoid, 
though occasionally gneissic, and intrusive into the Dharwars and into the 
Grey gneiss, and therefore similar to the Bellaiy' gneiss. It consists of 
quartz, microcline, orthoclasc, acid plagioclase, some hornblende, mica and 
epidotc. Phases of the Fink gneiss are red ayenidc rocks and porphy- 
ritic pink granites. The^' are ctit up by later felsite and porphyry dykes. 
Gold-bearing quartz veins occur in shear zones in the schistose Dharwars 
and near the margin of the Dharvnirs and gneisses. 

In the V^'arangal district there arc some zircon-syetiites which arc 
intrusive into the Dharwarian schists. The zircon crystals are short aiul 
stnmpy, measuring about half an inch across. 

ANDHRA 

\V, King distinguished four t>T)es oi gneisses in the Nellore region, 
tw □ being schistose and tw^ massive. The schistose gneisses are referable 
to the Dharwars and include quartz-, mica-- hornblende- and talc-schists, 
and quartz-magnetite rocks, TTic quartz-magnetite rocks are banded and 
form several hills in the Gnntiir district near Ongole and in the valley of 
the Gnndlakamma river. The massive gneisses include a grey, sometimes 
porphyritic, gneiss and a red, granitoid gneiss. The grey gneiss is banded 
and ver>" variable in composition and contains streaks and bands of micace¬ 
ous gneiss and chaniockites : it is called by King the Carnaik gneiss, 
and belongs undoubtedi)' to the Peninsular gneiss group. The red gneiss 
is mainly granitic and corresponds to the Bellaiy^ gneiss and Closepet 
granite. The granitic gneisses and schists arc intnided by pegmatites and 
quartz veins. In northern Nellore and adjoining parts of Guntur, the 
granite is in places quite rich in fluorine-bearing minerals, such as fluorite, 
apatite and topaz. The north-western portion of the Dharwarian belt of 
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Ncllorc is practically' devoid of pegmatite intrusions but the south'i*<isteni 
portion (Gudur and Kapur area) is rich in them including numerous knsci 
and veins containing workable deposits of muscovite mica, llte Dhar* 
warian rocks and the gneisses have here roughly the same strike—(N.N.W, 
varying to K.N.E.) as in Hyderabad and Mysore. In the ^vestem part of 
this district are quartzites and mica-schists associated with sills (and Bows) 
of basic volcanics, now converted into epidiorites and amphibolites. They 
are caUed Kandfa volumes and belorxg to the earlier schistose group. 
they have also heen involved in post-Dharwanan diastrofrfiism and grani* 
tisation. 


SOUTHERN M.\I)R.\S 

It) the districts of Coimbatore. Salem and Arcot which lie to the south 
and cast of Mysore, there are several sy-nclinal strips of Dhanvars amidst 
the Peninsular gneisses, chamockites and granites. Ferruginous quartz- 
schists (haematite and magnetite-schists with quartz) are particularly 
abundant in Salem and form several hills of rather low grade iron-ores. 
The strike direction of the gneisses in this region is X.E.-S.W, to E.N.E.- 
W.S.W. 

In Southern Mysore the Dharwars thin down and only the lower and 
middle divisions are present in a highly metamorphosed form. These 
continue into Malabar and an? represented by mica-gneisses, garaetifemus 
gneisses, quartz-schists, quartz-haematite and c|Uartz-miignetite-schisls, 
Further south, there are Peninsular gneisses and massive granitoid rocks 
which latter may be similar to the Bellary gneiss. It is known that in the 
southernmost districts of the Peninsula there are (luartz-schists, crystalline 
limestones, garnetifetous mica-gneisses and schists, bioUte-cordierite- 
gneisses. etc., which arc referable to the Dharwars ; there are also the 
Peninsular gneisses, chamockites and granitea, 

Tlie areas described above contain a few other interesting suites of rocks, 
which are mentiomid below :— 

Mafttiesla-rlch rocks, Salatn,—Olivine-rocks, in which magnesite 
has been developed, are found in several places in Salem and Southern 
My-sore, the U-st known being the "Chalk Hills" between the foot of 
the ShevaioyTs and Salem town. The ullrabaslc rocks ate highly altered 
and replaced by abundant veins of magnesite ami sometimes by steatite 
and asbestos. A few pockets and segregations of chromite have also been 
found in them. The chromite deposits of Southern Mysore also occur 
in similar rocks. At Neyyoor in South Travancore as well as near lAinalur 
on the Madtas-Travancore border, them are magnesia-rich pvToxeiutes 
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’vhich have giwm rise to books of plilogopitc niica especially near the 
contact iivith }ie|>tnatUcs. The phlogopite has-been worked intemiittenlly. 

Anorthosites, Salem,—A layered complesc oi meta-anorthositiq 
^eisses and cclogitc gabbros, the former containing layers of chromititc 
and perfcnitc occurs as an ajcuatc belt, a little south of Sittampundj in 
the Salem district. This belt of rocks has a lateral extent of more than 
20 miles and a maximum width of nearly 6000 feet. The complex is widest 
south of Sittampimdi from where this belt thins grndnally veeririg to an 
^-ast-nortb-easterly trend straightening out again about 5 miles further 
-cast near Kaniugalpatti^ .\.l\ SubtanianiarEi lias interpreted this complex 
to represent a thoroughly metamorphosed gravnty-slratified sheet which 
has undergone deformation and mineral reconstitution during two periods 
of Archaean orogeny. Some of these anorthtjsstes are unique in carrying 
calcic plagioclase Ang^^n^Q described under the name indi^tk^ by 
Count dc Bounion in lS02, According to Subramaniam, reconstitution * 
following primaiy^ crv^stallUatiDn from a basic magma modified the pam- 
geuesis and mineralogy of the rocks w'ith development of new mincnils 
such as hornblende, anthophyllite, pyralmandite, epklotc-clinoxoisite, 
grossularitic garnet, porphyroblastic corundum (in part with caldte rims) 
and chromite W''ith unmjxc<l nitik. Ttiis is the only knowai occurtcnce in 
the world of a highly mctamori>hose<l gravity stratiAed sheet, and the 
mineral associations are unique. The name Sittampimdi Complex has 
been proposed for this layered series by Subramaniam. 

In the northern part of the Salem district there arc bunds of syenites 
and sj'enite-pegmatite^ containing conindutn and bercynite crystals which 
are found strewn over the weatheml outcrops. Tliey occur as lenses in the 
granite gneisses which include also biotite-hypersthene gmnuJitic gneisses. 

Both the corundum and hercynite have been collected from the 
weathered outcrops for use as abrasives. 

AuorthosJtu* Trlchlnopoly diatrict.—An area composed of quart¬ 
zites, amphibolites and crystalline limestones occurs in and around Kadavur 
(10° 35* : 78’ lO') In the Trichi nopoly district, .Madras^ In this area is 
found a circular group of ridges around a central basin. The country 
rocks dip steeply away from this basin. The peripheral portions ol the 
-circular ridges are occupied by wdl icliated mafic rocks which gradually 
become massive, structure-less and felsic in the centre. The outer gabbroic 
rocks show inward dips of foliation, var>-ing from 90" to 30" or leas as one 
proceeds towards the centre. The outer margins consist of chilled granular 
facies of gabbto which give place successively to gabbroic anorthosite, 
mottled anorthosite and anorthosite without dark minerals, when going 
towards the centre. .According to A, P* Subrainaniam, this mass appears 
to b* a funnel-shaped intrusion ivhich has been tilted towards the S.W, 
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The prmdpal minerals of the rocks are mediuiti pl^octasc, grcM horn¬ 
blende, clino-pwGscene and ortho-pyroxene, while apatite, scapolite, ibnenite 
and magnetite are accessories, the last two being often abundant in tlio 
peripheral zon^. The rocks in the margin canr>' plagioclase An 4 j_ 5 j^ 
but towards the centre of the mass the plagiocJase is The 

hornblende is secondary while the orthc^pyroxene ^^ries from hroii?4lc to 
ferro-hypersthene, exhibiting lamellar structure of the Bush veld type- This 
anorthosite is considered by Suhramaniam to he of the Adirondack type, 

ALkali rocks of Slvamalat-—At and around Sivamalai fll'" 2'; 
77* 31*^) arc exposed a group of alkali rocks in about half a doz^iu hills which 
were originally described by 5ir Thomas Holland as the SiMLmalai scries 
(Afnw. 30, 164-217, 190IJ* The rocks include ncphelinMyenite and its 
varieties contaiiimg hornblende and biotite, aegirine-augitCp feldspar rock 
and leldspar-corundum rock. The whole suite Is characterised by soda- 
rich feldspars and pyroxenes, the former being generally micro-perthitk 
and containing 15 to I g per cent, of the anorthite molecule. The pyroxene 
in the more basic type is an aegirint-augite often intimately associated 
with some olbine and hypersthene. Occasionbilly also bomblende and 
titanaugite rnay be presenl. The accessory' minerals are calcite, graphite, 
ximn, spinel corundum, sphene, magnetite and ilmenite. Tlie comndum 
and spinel are associated particu.lariy with feldspar-rich rocks. Both 
calcite and graphite are primary, Some banding is seen in a few places 
especially near the contact with the surrounding gneissic rocks and parallel 
to the strike of foliation which is W,NAV,-E.S.E,. and this banding may 
be an effect of later regional metamorphisni. 


CEYLON 

The island of Ceylon is geoLogicaily oontiiiiioiis with the adjacent part 
of Southern India, Physiographically it is said to consist of three pene¬ 
plains, the lowest forming the general plain countiy', the highest the moun¬ 
tainous uplands and the middle one a unit of intermediate altitude. 
According to Wadia, the two upper units are the result of uplift of fault 
blocks. The intermediate peneplain is considered to be of post-Jurassic 
and the upper one of Tertian^ age, Ceylon is built up of Archaean rocks 
except for a narrow' coastal strip in the north-western part wJiere Miocene 
iXNCks occur, A belt of khondalites and chamoclrites forms a central 
synclinorium which traverses the island from north to south separating 
the south-eastern area of the Bintcnne gneiss from the north-western area 
of Wauni gneisses. The regional strike of the rocks is K,-S, in the northern 
part, K.E,-SAV, in the north-east and cast, and N,NAA\-S.S,E, to NAY,- 
S,E, in the southern ami south-western part. The disposition of the 
khondahtes suggests that it is a southerly continuation of the Eastern Ghats 
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of Aii<lhr*i while the southcm portion of the island is a continuation of the 
rocks of Travaocoro and the sotitbermnost districts of Madras. 

The sequence of rock formatjons, as deducefl hy J.Su Coates, is sho™ 
below 

5. YonOger Fe^MAlitcs and dv1u3 

4, Wantji of nortlitna and aorth-westem Ccyioa 

3 , OiaxTLocIcitH ■ 

2. KtiOEKlalitcs, cryfitalliiic limEston<cs ami a^ksociated rocE^ 

|. Binteriine and Kadii^annawa j^casa (Vijay'an Series) 

Blntennc Gneiss.—This is well developed in the east^uth-cast 
extenduig from the sea to a line drawn from Batticola through BaduUa 
to Hambantota^ It is a banded biotitc-^nclss consisting of alternating 
white and dark bands, the former con^posed of tjiiartK and feldspar and the 
latter rich in biotite, Granulitcs, gametiferous gneisses, CT>nstalJine dolo¬ 
mites and porphyritic granitic gneisses are closely associated with the 
banded types. The Bintenne gneiss is fouti<i to dip invariably nnder the 
khondalites and is thought to fonn the basement on which the Archaean 
sediments (which have since been converted into khondalites) were laid 
dowTi. But the descriptions rather suggest that these rocks are the ctjuiva- 
lenls of the Peninsular Gnei^ group and thus to a large extent younger 
than the Dharwars of which the khondalites (qnariJt-sillimamtc-gamet- 
gneisses with graphite and scunetimes feldspar) would seem to form a part. 

The Kaduj^^nawa Gn«iii!i is a group of blotitc-Iiomblende-gneisscs 
exposed around Kadugannawa, frequently grading into aniphibolites. 
These gneisses are jntmdefl by chamockites and Tonigia granite. 

The older gneisses have been gronpetl together as I'ijayan Scri^^, but 
this appears to be a very vague term with no special signihoance. 

Khondalites.—'Ilicse gamet-sillimanite-schists occupy the central 
hilly portion ol Ceylon around Xuwara Eliya and are Idund in a belt 
e.\tending to Trincomalee, They arc often banded and contain appreciable 
amounts of imcro-perthite and microcline. They are assoebted with 
hornblende-gneiss, calc-gnctss, corundum-silLimajute rock, ijuartaites and 
some marbles, Th^ rocks are regmded as metamorphosed sediments, 
as in India. 

ClhamockJtes,—Rocks similar to the South Indian chamockites occur 
mainly in the south-west of Ceylon though smaller exposures may also be 
seen in other areas, especially in a band running N.K,-!>AV, through the 
centre of the island. They are rather rich in micaceous types and are 
in ter banded with garnet iferous leptynite. In these rocks microdine is 
rare or absent, and caidte h frequently present. 
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Wannl Gii«lss«s.—^Thesc rocks are to be secsi in a belt running N.E.- 
SAV. Ifoin a short distance north ot Colombo to Trincomalce. They occupy 
the north-western third of the island north of the central highlands except 
the coastal strip between Puttalam and ELeplian t Pass which is covered by 
Miocene rocks. They include both granites and gneisses^ the Latter 
especially tow^ards their borders. The principal type is a pink to buff 
coloured gneiss containing Intrusions of hornblende granite, w^hich is prohably 
to be correlated w'ith the Eellaty Gneiss of Southern India, 

The gneisses as well as the khondaJites arc intruded profusely by veins 
of granite and pegmatite. But it U only the khondaiites that contain 
useful mineral deposits—tf.g.p graphitCp phlogopite, sillimanite, apatite. 
The pegmatite intrusives contain several interesting minerals among whieli 
thorianite^ thorite, fergusonite, mona^Jte^ stircon^ xenotime, columbile- 
tantalite, etc. may be mentioncrl. The feldspars in some of the pegmatites 
have given rise to moonstone. 

The latest rocks of the igneous suite are dykes of doleritc and lenses 
and dykes of uU rabasic rocks. 

The Archaean geology of Ceylon bears much resemblance to that of 
the Eastern Ghats region, Travancore and the adjoining parts of Madras^ 
Ceylon is really a southward continuation of India, the continuity being 
Intcrnipted by the shallow sea covering the Palb strait and GuU of Manaar, 

METAxMORPHISM OF THE SOUTH INDIAN DHARWARS 

It has already been noticetl that there is progressiw metamorphism 
as we follow the Dharwars from Sonthem Bombay to Southern Mysore. 
The metamoTpbism is mainly of the cpi-gradc in Bombay and Northern 
Mj-sore while it Is of the meso-grade in Central Mysore and of the hypo- 
grade in Southern Mysore where pyroxenes, garnets, cordieritc and sillt- 
manitc have been developed^ with the asscKjation of chamockite. The 
metamorphism is mainly regional, though locally the effects of igueous 
contacts are observable. 

I>eUiled knowledge of the rocks in most of the areas except M3^re 
is still lacking, as the regional mapping of South India wus done before 
the petrographic microscope came into general use in this country. It is 
howe\’er know^n that the Dhar^vars include both epi- and meso-grade rocks 
in Keilore where garnet p kyanite and staiirolitc bearing schists arc found. 
In the southern districts of Madras there are tremolite and pyroxene bearing 
crj'staELne limestones and different tj-pes of schists including gametiferous 
ones, as wtU as large masses of diamcsckite. In every case, where s^mdines 
of Dbanvar rocks are exposed^ the pitching of the folds is to the north, 
and the metamorphk grade increases from north to south. 


TV] CROUP~’?ENJSStTLA 

The follov^ing general ^uenoe of rocks in the South Indian Ancha^ans 
may be taken as established [jlfrittp G,SJ. LXX, [2)^ p. 110) ;— 

5p BeSlary Cinetsi GRrfiit4f+ etCrJ 

4. CharnockiUs 
3 . PfcninftutiU GntriSS 
2, Champiiz^n Gnd^ 

f Upprar DharwiLira tB^iitienl.i with flame ferru^nouft rocks) 

Dharwars (sedimonta with important fmTJjfinoiaa qumrUtt« 
mad iron ocoa) 

Lower r^harwara (miiinly metamorphosed igneoiw racki) 


EASTERN GHATS 

The Eastern Ghats region Isetween Bez^vada and Cuttack, whkh 
attains the greatest tsidth In the Ganjam-Cuttack tract, is composed of 
ridges trending in a N.E.'SAV. directlofi which is also the regional strike 
ot the rocks* The hills are made up of giieis9<^p chamockites and khon- 
dalites* To their west lies a gndsslc tract overlain by a great basin of 
Cuddapah rocks which h highly disturbed and faulted on its easteni 
side, and which might have originally extended further to the east. The 
folding and uplift of the Eastern Ghats in'post-Ciiddapah times has been 
responsible for the removal, by denudation, o( the Cuddi^pah rocks which 
might have covered them at one time. 

The Eastern Ghats is a r^on of high grade metamorphism as e\ idenced 
by the abundance of garnet and sillimanite. The chamockite shows 
intrtiKVC relationship towards the khondaHte and has itself undergone 
post-magmatic changes such as albitisatioii and mvimekitisation as des- 
■cribed by H. Crookshank* The chamockites have also formed hybrid 
gneisses with the khondalites and sometimes with other ancient gneisses. 
There are, in parts of this area, some metamorphosed manganiferoiis rocks 
w^hich have formed hybrid mixtures with acid igneous rocks. The k^yduril^^ 
as these have been called by Fertnor, consist of sp^sartite-andradite 
(contracted to spandite), orthoclase, apatite and mangaftese-pyroxene in 
varying proportions^ Associated with these rocks there are also ciystalllnc 
limestones, cordicrite-gncisscs, sapphirine-bearing rocks, nepheline-syenitcs, 
■etc., the last being intrusive into them. 

The khondabtes are para-schists, the varieties rich in feldspar being 
attributable to admbfttire with granitic material while the rocks were 
still at some depth. FeLdspathic khondalites are common in Kalahandi, 
Jeypore and Krishna areas of the Eastern Ghats. They were originally 
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called Bfiti ada Gneiss. Kaiiasa Gneiss and olher JcRaJ names. On weather¬ 
ing, they give rise to laterite and bauxite. Fermor lias shown that the 
khotidalites were melamot^shosed under deep-seated katamorphic (hypouior- 
phic} conditions, (the gamete lacing high pressure, low volume minerals) 
but owe their present position to regional uptitt and that the W'estem margin 
of the Ghats must be a faulted lone, Crookilinnk states that this postulated 
fault is not idenliflable : but it is not improbable that It is obscured by 
intnisions of later granite and that the paucity of nnweathered exposures 
in this thickly forested mountainous country makes the idenUfication 
extremely difficult. It is also probable that the Eastern Ghats region 
maj^ have been domed up without \iolent rupturing of the cover of giieissic 
rocks on either skie. 

The Eastern Glints are continued into the rocks of the Shillong plateau 
of Assam, the inten'cning area in the Ganges delta having been faulted 
down in pDst-.\tchacan times. Near Koraput in Orissa is found a band 
of elaeolite-syenite gneiss associated with cbamockite and gneissic granite. 
Tt shows two iy[^, one being miaskitic in composition (from the preponder¬ 
ance of biotite over hornblende) and containing some primary calcite ; 
the other type is a mylonised elflcolitc-pegmatite. 

Another rock type found near Paderu in Visakbapatnam is a sap- 
phirineAiearing hj-persthene-biotite rock. The sapphirine encloses grains 
and stre-aks of green spinck At the border of basic cbamockite and khon- 
dalite are developetl cordierite-sillmianLte gneisses and l^pcs containing 
biotite, sapphirine, spind and magnetite. 

In the Bison Hill area of the Eastern Crhats near the Godavari gorge, 
there are intrusives of corundum-syenite containiug large i^ircon crystals. 
The country" rocks are the khondalitc suite consisting of gametiferous 
sillinianite schists, biotite schists and chamockites. 


JEYPOBE—BASTAR—CHANDA 

The structure, and to a certain extent also the lithology, of Sou them 
India is continued beyond the faulted trough of the Godavari \^ley into 
the districts of the eastern and southern parts of Madhya Pradesh, The 
Malianadi strike persists over a large part of this area in the Archaeans, 
A cansiderablc tract here is occupied by the rocks of the younger Cuddapab 
Svstem which must formerly haxtJ covered the whole of the region now' 
marked by a series of detached patches of the sajiie rocks. The eastern 
margin of the Cuddap^di basin is fatdted against the Archaeans and perhaps 
even thrust over them. There is little doubt that the Khondalite region 
experienced folding and faulting in post-Cuddapah and pre-Gondwana 
times. The southern part of this region is occupied by gneissk; granites 
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and niica'Schist, quarti-schists, hornblcudB^hists and other types. There 
also granites w'hich occupy the eastern part of Chanda and protably 
the w^tem part of Bastar and Khairagarh. Granites, bandetl and foliated 
gneisses, and niica^, hornblende- and talc-schists occupy the region from 
eastern Bastar to Sambalpur. West of the hastcm Ghats, in western 
Orissa, the general strike of foliation is N.W,.S,E. which continues up to the 
Bhandara. region of Madhya Pradesh. 

The work of H, Crookshank and P, K. Gliosh in Bastar and Jcj-^rc 
has established the presence of sedimentary scries of Dharwaiian affinities 
here, the rocks being classified as shown below : 


Taule 9—Aechaeak Succession in Bast.ar 


InixidJflV# rocks 

Kopayi St«gc 
BaikitliU Iron-Pre Sertal 


Srxin 

StltRO 


PtsmaUtcfl, tlaler^lfis and bstsait® : GraikStei, 
iajecticul-gncifiaca, aplitcs. chamOdkitea- 

QiiartsitW- 

Calc-9Chist9, amphibolite^ toisitc-HUlBita- 
firaimUtn^ Baodcfl fcrriiEcauii* qaftftz^ 
jtda jmd frunerito and m^IRnGtitr-q lonrt*- 
schktar 

... AnOaluaiu^fn^iHi, anthot>hyUito-ccrdw5rit«- 
bLotitt- and ^rnedferOua jchSrti. 

^uarieitca with intcrcilationa of undaluait* 
Bfld OTnJierile-gfrtiw, 


A large part of the above succession is of sedimentary origm. The 
ferruginous quartiites resemble those of Singhbhum and adjoining part 
of Orissa and may be of the same age. By metamorphism they have been 
converted into magnetite and gronerite-bearing schists. The andalnsite 
and cordieritc bearing rocks represent aluminous scdmienU metamor- 
Dbosed by pressure and by the effect of granitic intfuslves. The pmt<s 
have to some extent been modified in composition by d^crcntia^on ^ 
affiimilation of sedimentary rocks. According to P. K. Ghosh the c ar- 
nockites {pyroxene-granuJites) of Bastar owe their origin to j fins 
between granites and calc-schists. 


S,\ifBALPllH 

In Sambaipur, in the Mahanndi drainage, there aw biotite- and bom- 
hlende-gneiss^, schists and granites. The town of Sambalpur is situated 
cn a ridge of quartiite and quarts-schist of Dharwarian aspect. 

Sonakhan Bods.-To the west and north of the Sambalpur area there 
is a group of rocks, typically developed in the Sonakhan hills and caUed 
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the Sonakhan Beds^ bjr F. H. Sniitli. striktngly similar to the Chilpi Ghat 
and Sakoli Series. They are stc^^p-dippirtg. highly trushetl and schistoee 
rocks which pass under the Ciiddaf^kihs to the north. They comprise 
quartzites, conglomerates, s.Utts, phyllitcs, hortifelses. quartz-magnetite- 
schists, gametiferGus gneiss, etc. 'Phe regional strike ol roliation is N.E,- 
S* W* There are alkj- interlxfdded traps and homblende'schbts, and 
intrusive basic dykes of a late age. These schistose rocks are intruded by 
a coarse porphyritic pink gnmite with a little biotite and hornblende. 
The granite and the schistose series of rocks are overlain b^" horbontal 
or gently dipping Cud<la|>iihs consisting of quartzites, shales and lime' 
Stones, and occujij-ing a large area in Chhattisgaxh^, 


RAIPUR—DRUG 

Immediately to the south and south-west of the Cutldapab liasin of 
Raipur there is a large tract occupied by granites and gneisses. Dhar- 
warian rocks occur in the adjoining parts of Kanker and Bastar States,. 
their strike being XAV.-S.F. The rock types include quartzites, phyHites, 
mica-schists and banded haematite-quartzites those of the DhallK 

Rajhara ridges). These schistose rocks in the Drug district are overlain, 
by volcanic agglomerates and eptdiorites and intruded by granites which 
occasionally show' qtaartz-porphyrics along their margin. 


BII.ASPUR-BALAGHAT 

Chllpl Ghat Series.—The Dharw-arian rocks north and north-west 
of the Chhattisgarh-Cuddapah basin have been designated the Chilp$ 
B^ds by \\\ King and the Chtipi Ghai by R. C. Burton, The rocks^ 

ivedge in at the eastern end between the Ciiddapahs and granitic gneisses 
bat expand w'estwards into two strips, the northern one going into Nagpur 
and Chhindw'ani and the southern one into Nagpur and Bhandara, over a 
distance of some 40 miles. 

The rocks of the Chilpi Ghat Scries strike roughly N.E, and have a 
straight northern margin and a sinuous and irregular southern ma-qgin, 
the latter being almost certainly a thrust sione. The northern hand of 
exposures comprises quartzites, fclspathic grits, shales and slates with 
intercalations of trap* The basal conglomerate contains pebbks of rocks 
which appear to have been originally sedimentary. The following is the 
succession according to Burton. 


1 Gmcml Report of the for pp. 3W 42, 

■ The Baiimr-Btlaspur-B^igifh area ti Called Chhattlsgarh 
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•ChUpi Ghat 


Tabpe 1(H-Tjre Chilpi Ghat Series 

i Fhyllit^^ 9 ericitc-«:lii 5 ts mad Iclapatliic 
BSijc slates and slaty quart£lt«9 --n 

Phyllitei .** 

Msfl^aiiese-fiare 

PhyUites and jaafKfOid qu&mitcs 
Basal fMKDgloi33firmtcs and grits ■ iir 


FffJ 

2m 

leoo 

J3W—5000 
^30 
200 


The Chilpi Ghat Series resU on a group of rocks which indmJes composite 
gneisses, mica-schisls, quarts^ites^ cpidotic gneisses, homblcnde-schistSp etc., 
which represent older rocks intruded into and shredded out by younger 
granites. 

Sdnawaoi Series. — In northern Balaghat there is another group of 
Dharwahan rocks to W'hich Burton lias given the name of Sonawani Series. 
The sequence of l)cds in this is as follows t — 


Tahle II—The Sonawani Series 


Sonawani 

Senes 


rPhyllitk Kbi»U ud quallj-mcdcovitr-acbuts 
Ftfidipathic quartzite* 

J Ounftz-muBCOVite-xhkst* 

Cak^gniiiSA and CT^ stajline limwtfine wHh manganeSMre (Bw 
[ not seen) 


Tlic Sonawani Series is supposed to represent an older series than the 
Chilpi Ghats. It may be noted that each of these contains a mangan^ 
Ore horkon and may in part represent the Sausar Series of Nagpur* 
Ghhindwara. 


Fermor has critically reviewed the reports of King and Burton and given 
the following section at Chilpi Ghat, based on King's descriptions : 


rrop) 


Gnte-nutonw 

Pvk gram clay-slates weathering bufl with, anibordiflate clayntoaet and hard 
uniJztnn« 

Giwn and white grits and sLat« 

COSTK! CCJnglCfBCTHtfi 

Sdassive skty beds and grits 

Slaty qiiartzose mics 

Massive traps and trap|K>kls 

(Bottom) 

In this interpretation the conglomerates are not at the base bwt they 
are assigned a position ahoat the micidlc of the senes. They contain 
pebbles of quartzite, red siliciiied gneiss, red jasper, toumiatine-<iuartz 
rock, etc., some of which are distinctly older in age than the Chilpis. 
traps may be >*onnger than, and intnisive into, the Chilpis. The Chilpi 
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Ghat Scries is separated from the overlying Cuddapahs by a widl-rnarkcil 
nnconfomiity* 

In this re^n there are three groups of granitic rocks, Tlie oldest 
are hne-irained schistose bioiitc-gueisses ; the nest one is a streaky 
an^en-gneiss ; the j-nimgest is a granite called tfie nlmla granite. 

There ate uncertainties rcgardiiig the relalionshfp hetvreen the Sona* 
vtiini Scries and the Chilpi Ghat Series and borh have yet to be earefuUy 
mapped ami connected up* At presents however, the gencial succession 
of rocks of this region may be gi^en as below :■ — ^ 


3. 

4, 

3. 

2- 

1. 


Cliniuttc 

Forphyritic and au^ca ^nnxa 
SchiftoK hiatitc^-gu<^i3A 
Chilpi Ghat Scf i«!i 

SooiAw^ni ^bca 


^ PtKSdbly pirtly DvvTUppii] k 


K*\G PU R—AN D A R A 

Sakoll Series*—The Chilpi rocks continue westwards and hifurcate^ 
the southern strip occupjnng parts of the Nagpur and Bhandara districts, 
and the northern strip going into Nagpur and Chhindivaiiu There is no 
distinct stratigraphical unconfomiity between the nocks of these two areas, 
which are called the SakoLi (^uthem) Scries and Sausar (northern) Series 
respectively. It appears likely that the SakoH Series may be an upward 
continuation of the Sausar Series since there is not much lithological rusem- 
hlancc bctw'een the twro^ even aUo^ving for the different itietamorphSc 
grades. The rocks of the northern belt dip generally to the S,S,E. and 
and those of the southern to the N.NAV*, while the middle or aj^jaJ region 
may be a zone of faulting or overthrusUng. The southern bdt (S^oll 
Series) contains chlorite and seridte-schists and hematiric iroin)rc of a 
Jow' grade of metamorphism, in contrast uHtb the northern belt (Sausar 
Series) which is characterised by calc-granulites, marbles, gametiteroiis 
schists and manganese-silicates and gondites, 

Taule 12—The Saicoli Series 

^artxHdQkrite 

TourmAliue-miiKOi'itir gnLalti^ and pegmatite 

I " CFHihyd. aIbii£-mkrc»cliii«Hjuu-tzite 
and 

Hc-rftatitc^Bctidte-cju^jtzttf 

Cblorite-muACOvitp^schuE witls chloritoidr epidotd- 
' cElDrite'Schia^K JaspdlltEr. phyUiie, and chiontk hem- 
^ b|rad(^Khi5t 

Amphi^itc and earaet-amphibolitie 
Donitiitcat, cryatoUipe limeatoncs. oUciphyre and 
clikmte-tKmoailc-Bctiist 
MJcrodine-muaciiwiicH^ 


Sausar 

Serin 


SoiwU 

StrifA 
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Th^ loHctr part of this sticc^ssion 5cem^ to contain rccognisiible etjuiva- 
IcTits of the Sausstts ; the amphibolites may f>e referred to the Sitapar 
Sta^je, the dolomites^ etc., to the Bichua Stage and the muscovite quartzites 
to the thorbaoli Stage, all these being parts of the Sausar Series (see f>elaw). 
The upper part constitutes the Sakoli Series, the rocks of which sometimes 
show evidences of regressive nietamorphism such as the conversion of silli- 
manite to muscovite, and garnet and biotite to chlorite. Locai patches 
contain kyanite and dumorticrite, which arc attdbuteil by S* K, Chatierjee 
to thu effects of hydrothermal metamOTphisot. 


N .AG PUR—C H HI Kl}\\\ RA 

Sausar Series.— In the northern belt referrwl to alwe^ as one pa^es 
from the Cliilpi Ghat area westwardSp phy Hites give place to schbts of a 
high grade of metamorphism while calcareous rocks begin to attain im¬ 
portance. The rocks in this belt have been called the ^nsar Series and 
the sufXcssion as worked out by f>rmor and West LXX, part 2^ 

p. 270. 1940) is given In Table 13, the letters (N) and [Q indicating devdop- 
Rjent ill the Nagpur and ChhitidVi ara districts respectively* 


Table 13—The Sausab Seuies 


Stagf 




{N) Sapgbota 

(O SiUpar 
{CJ Hldma 


(JV) Junawani 
IV) Cbocbaoli 

(V) Mansar 


(CJ) Lflhan^i 


(C) Utekflta 

(AT) Kiulbikliefm ... 


t^amet-anthoptiylkte-BchiitM. chlorite'Sehiila, mag- 
nrtitCHiuarU-rwkA 

... Hoimblccdc-Khuts. gatuct^amphkbolitcf, pyrvxcmUa 
„* i^irc FflCkt t \VhtlF doIomiU niirbto with hpt- 
pentinc. spinel, chotidrodite, tf«malite^ 
fiorstcritc 

Impure Fatlcft I ctu^poidle-cjuarUites^ 

actinoUtMcbista with lAi'ollasteiiile. grosiulArit^^ 
trclili^lite ami withuphylljlc 
... Tabla^ mnKQvite-bi^te^Khistv 

Fd^thic mTmMrvite-quartz^scliijt* uin quartzitca 
(samctimcs with iDnuiCovite and tnicrecLiae) 

SehistDH micMeous giuewMa and muM:D\itc-biD4it&- 

MUtmanlte-^kst]^. with fooditea and mangincse- 
nre bodkl: Also bdeos g^met^Eiatixitci 
Fink odcite miurbles and caldph>TeA. bladt man^ni- 
leruui inirbl«. pi«liiKratitc->^mari4es and soeiib 
maEiganc9eH?Tc« 

... Banded caJc-gfanidita. ipomfftiiiiers acapoUtic 


u tinGcrtfiiin whether the Sap^lwrU Sta^ li a etiUty but it 

appaimtly enntams more letTUgincHiA matter than oLher stages, thouj^h by volume 
(extent and tliklcueM) it is rather unimpcjctaaL 
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The above belt cootams the best manganese-are deposits of India and 
has been mapped in detail by the Geological Survey between the years 
1951 and 1955+ 'rhe strihe of foliation of the rocks is in the 

eastern part, E-W, in the middle and \V,NAV^'E,S,E, in the \\cstcm part^ 
The major fold-axis diys steeply to the south in general, bat it has itself 
been subjected to cross folding and cross faulting. Extremely compli- 
•cated folding, thrust faulting and shearing characterise the belt. The 
lowest beds in the succession arc biotite-gneisses of the Dtekata Stage 
followed by the Lohangi Stage and by a gondite horizon. Above these 
■come the Mansar Stage, the main gondite horuon, the Chorbaoli, Jiinewani 
-and Bichna Stages. The gondite horizon is 5 to S feet thick on an average, 
locally attaining 20 to 40 feet thickness as at Mansar, Chikhla, Don^ 
Buznrg, Barweli, etc. Cli>se Isoclinal folding of the horizon sometiines 
results in a considerable increase of the apparent thkkncss of the manganese^ 
■ore beds. 

There are no conglnmeiates at the base of the Sansar Series and it is 
Jiot known whether there are any rocks older than and underlying these. 
Three series of ortho-gneisses younger than the Sausars have been recognised* 

3. Later grutitc and mdudiag granite 

2, Strealcy gqeiam dcTlvcd by the mtrkisjon o( apUtic puiterml ioto (1), aad 
into the dchiito9e raemhcis of the Sausar Sciia 
t. Granodiofitijc tHotite-g^emes^ pcrphyritir and nugen 

The relationship between the Sansars and Chilpis is obscure. The 
-Chilpis may be regardeti as either younger than the Sausar Series or as a 
lateral variation. In the former case, the fiianganiferous rocks of BaLagbat 
and Ukiia, which occur in the Chilpis^ should be regarded as a younger 
horizon than the 5fajisar Stage. The absence of calcareous rocks in the 
■Chilpis deprives us of useful aids in connelation. In Fermor's opinion, 
the Chilpis may represent the up^ier |K>Ttion of the Sausars and may even 
include beds higher in seqtience than any found in the latter. 


JABALPUR 

This r^ion is separatetl from the Nfagpnr-Bbandara-fkilaghat region 
by a stretch of Deccan Traps which cover all the earlier formations. The 
formations here comprise conglomerates, phyllitrs, mica-schists, calcitic 
and dolomitic marbles, banded ferfUgSnons rocks associatcfl with manganese 
and iron-ores, vrith silb of altered basic igneous rocks, aU these haring a 
foliation strike of E.N.E.-W.SAV, fn the neighbourhood of Sleemanah^d, 
the schistose rocks are traversed by veins ccmtainiiig copper-ores. The 
^onglouiCrates are auriferous biat arc too low in grade to be workable, as 
detailed prospecting indicated less than two dwt, of gold per ton. 
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TJjt alwvc Scries of rocks was first referred to the Bijawar Series 
(Cucldapah SystcmJ by C* A, Hackct and divided into four stages, named 
resj]cctivcly the Majhauli, Bhitri, Lora and Chatiderdip groups from below 
upwards, hut are not definite stratientphic units, Marbles svad 

caie-rocks occur in the lower becis w bile ferruginous formations and iron- 
ores occur in the uj>|>er beds. I’he rocks bt^ar an extraordinary' resem¬ 
blance to the Prc-Cambrtfttis of Singtibhum nnei Gang|>nr and have been 
show n by hen nor to belong to the Dhanvarsj^stem, (Fermor, 1909, p, 805 ; 
Knshnmi, 1935), 


RAJASTHAN 

Parts of Rajasthan w ere mapped originalJy by C, A. Hacket and later 
by La Touche and Middlcmiss. During the present century the whole 
region has been mapped by A, M, Heron, assisted by A- L. Coulson, B,C* 
Gupta. P. K, Ghosh and others. The geology has been, descrilied in a 
scries of papers and an excellent summary' of the work has been given by 
Heron, 

The characteristic feature of the country is the presence of several 
groups of rocks belonging to the Archaean and PreA^ambrian, forming a 
folded mountain system running across it from the north of Delhi in the 
north'e.'tst to the Gulf of Cambay in the south-west. This mountain 
system was formed in Pre-Cambrian times, fokled again in post-Delhi 
(? Cambrian! aiul allccted by faulting probably in Meso/oic times. The 
central part of the Aravalli ranges is occupied !>y a great symcUooriuni 
composed of Delhi and Aravalli rocks. Trending roughly in the same 
direction as the ranges is the Grtai Baundoj^y f of Rajasthan along 
which the \"indhyajis on the east have been uplifted to a maximum height 
of perhaps 5.€00 ft. Because of the semi-arid nature of the country^ the 
rock exposures are good but in the west and sonth-w’est they arc often 
engulfed in sandy alluvium and desert sands. The geology is of great 
complexity and at present all we can say is that the preliminary work, of 
w^hich an account is given in the following pages, is liable to drastic revisioii' 
in coming years. 

The major formations of pre-VIndhy^an age which have been dassL- 
fled in Rajasthan are shown below :— 

Malani auitr oi Egntoai rocki 
4. ENrlhE 
3. RsiaJo defies 
2+ An^v'^ftUi 

L Banded Cneiaic CcmpleK and Bundelkhaj^d fjHcdas 


Table 14—Bre*Visdmyan formations op Bajasthan (After A.M. Heron) 
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The Archaean^ consist of the Bunddkhand Gneiss suid the 
•Gneissic Complex, the latter forming oonipositc gneisses which include 
much undoubtedly original sediments. The Aravalli^ which are an enor- 
mau-sly thick series of ov'erw helmingly argillaceoiis itjcks arc the eqnivalen ts 
of the Dhamars of South India. The Kaialos which arc more than 2,000 
feet thick, am considered to be intennediate in age between the Aravallia 
and the Delhi?. The Delhb, consisting of sandstones and shales, tesemble 
the Cuddnpahs and arc probably about 20,(K)0 feet thick. After the depo^- 
tioTi and folding of the Delhi? there occurred a series of igneous intrusions 
which include the Erinpnra, Jalor-Siwana and Idar granites as well as 
the MaJani suite volcanic and plutonic rocks. The \*indli\rans which 
are considered to be partly of Cambrian age are ^-ounger than the succession 
Te]>rescntcd by the rocks mentioned altove. The Pre-\'tndh\'aji succession 
as given by Heron is reproduced in Table 14* Since the Delhi S>^tcm is 
now regarded as the equivalent of the Cuddapah System which is considered 
post-Archaean, this section w ill deal only with the pre-Delhi rocks. 

The Bondelkhand Gneiss.—The main exposure of this group 
<KCur 5 in the Derach Valky between Chitor and Bhilw'am and is over 70 
miles long. It is overlain by the Vindhyans in the south and eLsewhere 
by the Banded Gneissic Complex. In its typical form, the Bundelkhand 
Gneiss is a pink to reddish, mediuin grained, nonToliated. non-|Kirphyritic 
granite. The chief minerals arc tpiartz, orthoclAse, subordinate micro- 
-cline, and a little of ferromagnesian minerals. The quartz has a violetish 
cipaJcscence while the feldspars are usually somewhat altered. The rather 
siiareely occurring ferromagnesiiin minerals, blotitc iind green hornblende, 
are more or less altered to epidote and cajeite. Accessory^ minerals are 
generally scarce. Veins of pegmatite are infrequent but those of micro- 
granite and aplite are common. Here, as in Bundelkhand, the rock is 
traversed by piomincnt quartz reefs and numemus dolerite dykes. There 
is little doubt that the Bimdelkhand Gneiss of Rajasthan is identical with 
that of Bundelkhand, though the two are separated by over 250 miles of 
younger rocks. 

Towards the west, near the junction of Berach and Btigan rivers, the 
Hundelkhand Gneiss gradually becomes wtII foliated and grey coloured, 
with knots of quartz and feldspar and small quan tities of sericileand cWorite. 
The gradation is probably due to the partial assimilation of the schistose 
country rocks. 

Over a very- large part of its exposure this formation is more a granite 
than a gneiss and resembles the younger granites [Bellan^ Gneiss, Closepet 
Granite, Dome Gneiss, etc.) rather than the true older gneiss^ of Archaean 
nge. Dr. Heron states, however, that there is a small but distinct ‘ erosion 
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imcanfom^ity ' between them and the Aravalli isChisty which arc ihe ct|ai- 
valeiits of the Dharw'arj, and hence regard^ them a5 (jt<ler than titc AravaUis, 

The rdatioiiship of this to the Banded Gneiiss is not known as the 
junction is covered by the Aravallis. Jt is possible, according to Heron^ 
that it may realiy represent the granitic constituent of the landed Gneiss, 
Near the north-eastern edge of the great mass in IhindeEkliLLinl there arc 
nuitiorons xenoliths of older age, consisting of einartzJto, ai^ltites, horti- 
blende^bbtitc-schists, etc,. vihScli have undoubtedly been intruded by 
them and torn off from the original schistose basement. There is therefore, 
considerable support for the view that they may really !tc post-Aravalli 
in age. 

The Banded Cneisair Complex.— The rocks belonging to this gtoup^ 
consist of alternating bands of biotite-gneiss and granite, Biotite and 
cblorite-schists, ^vhich may represent early scdimeiits, are found as con¬ 
stituents of these in Southern Mew^ar^ In places they grade into a grauito- 
pieiss or even into an unfoliated granite. They contain also some horn¬ 
blende-schists and epidiorites-, representing interKtldcd altered basic 
igneous rocks. The Gncissic Complex is tiaversed by [K^gmatite and 
apittc veins, apparently derived from granitic rocks of diflferent ages. 

Banded Gneisses also occur in Central and North Mewar and in Ajn'ter, 
comprising dark-colonred schists and gametiferous grantilitos intruded 
by biotite-granile. .Another type of gneiss w^hich may belong to the same 
group DccLirs west of the syndinorium and consists of a fine-grained and 
somewhat foliatetl porphyTilic granite. Another variety of this gneiss 
is the grey fine-grained slightly follatcil granitic gneUs along the foot of the 
Aras-alli Range on the north-westetn side of the Delhi syncltnoriiim. 

The Banded GneLssic Complex is also intimately ass«>ciat<^l with 
crystalline limestone near Ras{26'' 19' l 7^^ 11% w^hich Ls probably the same 
as the RaiaJo limestone. North-west and w^est of Amet (25^ 19' ^ 73* 56') 
the gneisses are found to surround some exposures of i]uartzites wuth which 
they hai'e conformable dips, indicating intimate association between the 
two. In the south-we$tem area the gneisses arc cut up and ptmctrated 
by the Erinpnra Granite and Is ultimately completely replaced by it. 

With regard to the age of the Banded Gneissic Complex, it may Iw 
mentioned that Crookshank (I94S) states that their schistose components 
in Rorthi-m Mewar are essentially the same as Aravalli schists and that 
they represent granitised Aravalli schists. N. L. Sharma (1^53) states 
that K. L. Bhola, w'ho has studied the Aravallis on either flank of the 
syndinorium in .Ajmer and Jodhpur, is also of the opinion that the Bkinded 
Gneisses are the granitised representatives of the Aravallis. According 
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to Heron, however^ there h a distinct erosion iinifdrmity lictWMn the 
Banded Gneisses and the overlying Aravzdlis and the former arc nowhere 
■exposed in juxtaposition to the Biirdetkhand Gneiss. 

The AravalH System.—The .Aravalli System is dominantly argillace- 
^jiis in composition and of great thickness. The rocks show jncrcnsjiig 
fnetamor|ihism as they are followefl from east to west into the highly folded 
region. 

The basal l>eds, which rest on Biindclkhand Gneiss or the Gnetssic 
Complex, are arkosc anti gritty quartzites. .Above these come shales and 
phyllites with which are associated some altered haste votcanics in places. 
Jn^pure ai^illaceons and femiginons limestones occur in two fades, one 
)>eing a lenticular ferruginous limestone iis in Huadi ajid Mewar and the 
-other black massive limestouc as near i;diiipor city. Jn some places there 
arc quartzites instead of limestones. The whole series of r^^cks is wed 
foliatetl and injected lit par-lit by granitic rock, resaJting in nuca-schists 
and comjwsitc gneisses as in Me^var and Idar, 

An irnmolamorphosiMl laci*s of the .Vravallis occurs in hktslom Mewar 
-east of the Great Botimilary Fault of Rajasthan. This has been nani^ed 
the Bin^a and consists of low-dipping, browm and olive shales w ith 

ferruginous and clay concretions. In the easlp the Bitiota Shal<^ arc 
succeeded by the Jiran Sandstones, \^indhyan& or the Ltocan trap. To 
the west of the Boundary^ Fault, tlw Aravallis arc represented by steep- 
dipping slait^ and impure limestones intruded hy dolcrite, l"ollow«d 
westwarrls, these shales become first distincily slaty or phyllitic, and later 
schistose, with the dcveUipment of stauTOlitc, garnet and ky^ite. 

The youngest members of the Aravallis are the reddish sandstones 
and quartzites seen near Ronthambhor and Sawai Madhopur in Jaipur 
State. The unmetamorphoswl Aravallis of f hi tar can be followed north¬ 
eastwards along the strike through Biindi State into Soutti-castem Jaipur, 
where they arc associated with the Ranihamhhar These rocks 

ha%^e resemblance to the shales of the Gwalior Series but there seems to be 
no doubt that they are of Aravalli age. according to Heron. 

In the Ranthambhor area the rocks form a syndine composed chiefly 
t)f quartzites 3,500 feet thick, iuterbedded with subordinate shales and sills 
and flows of doleritc. The dip of the rocks is 25"' to W at the edges of the 
-semdine, hut practically horizontal at the centre. The edges form fairly 
well markeil scarps often 500 to 600 feet high. The quarUites arc ^ed^lish 
to pink and are much more compact than Vindhy^an quartzites. They 
are wdl jointed and contain intercalations of shale beds. The shales are 
more ocuni^act than similar ^'indhy^an shales and are purphsh to black and 
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soiTLCtirncs spotted. They axe not clKiYeil but break into tllc-like frajg:ments„ 
Sometimes ripple marks arc seen in both the shales anci quartzites. 

There are at least five hoiizons of trap in thcsi.': rocks, which appear 
to be intrusive* The traps are lUiifomi in grain and of varying thickness. 
The topmost trap sill in the Ranthambhor syndine is at least 70 feet tluck^ 
while the one below is about 200 feet thick. The other rills are much 
thrnner. They weather at the surface into a femiginous gravelly material 
known as ffioarfifn. The Traps consist of feldspars and pale green augite 
showing a little alteration to chlorite. Oli^Hne luay or may not be present* 
Graini of ilmcnlte and pyrite are common* The traps of the Ranthambhor 
area are identical in characters w ith those of the neighbonrhood of Gwalior* 

The quartzites are underlain by a large thickness of shales w'hioh have 
been getUly folded during the compression of the whole series. There is 
no unconformity between the two types of rocks, tlmngh the shales have 
yielded mor'e to compression than the sandstones. 

Near Hindaun (26^ 44' :77^ 6'), beds of a rimiJar character (and 
simtbrly resembling those of the Gwalior System) are found fonning a 
series of outcrops 20 miles long along the edge of the plateau of Upper 
VLndhyans. They strike parallel to the Aravalli ranges. The characte¬ 
ristic fonnation consists of a dark siliceous hematite, banded w’hite chert and 
red jasper* The bands are much contorted and the strata dip at high angles 
(60'^ to 70^). There are also quartzites, black slates, trap and impure 
liinestones in the sequence. The hematite beds have given rise to iron- 
ore and red and yellow' ochres. These are undoubtedly much older than 
the lower Vindhyans which rest on their uptun'teil and denuded edges 
with a profound unconformity. The Hindaun rocks resemble those of the 
3Iorar Stage of the Gwaliors very closely, though Hie latter are 80 miles 
away, but whereas the Gwalior Series of Gwalior are practically horizontal^ 
those of Hindaun have been subjected to folding because they are near 
the Aravalh fold axis. 

The GwsHior Series of Gw'aJior city and neighhourhood are separated 
from the Aravallis by a belt of V'indliyans having a width of about 80 miles, 
but they resemble the unmetamophosed Arus-aOis* Though they Lie 
distinctly to the east of the continuation of the strike of the Aravallis^ 
they may possibly bdong to the Aravalli S^^tem. 

Near the Mewar-rartabgarh border^ there are several exposures of an 
amygdaloid, associated with ferruginous sandstones and cherts and overlain 
by the Khardtola Griis. These last consist of conglomerates, grits, grey- 
wackes and siates intercalated with slates of Aravalli aspect* There may 
be a slight unconformity between the Ara^-allis and these rocks. 
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GUJAKAT 

Otitcrofks of ?wiciert schists sssociittcd wth gnetssic rocks are found 
about 40 miles E,K,E. of Barods in Gujarat, These wms called the 
CJtampaniir Series by W. T* Blanford {/fee, 2. 1869). Their relationshiiis 
were obscure until llcnin connected them up with the .\ravalli racks of 
Rajasthan by continuous mapping. They are now known to be identical 
with the Aravalli System of Rajasthan which are considered to be the 
equivalents of the Dhansutians of South India. The Champancr Seri« 
includes quartaites, conglomerates, states and limestones which have been 
metamorphosed to some extent. Near Jotwnd and Jombughoda in 
Naiukot. they contain also manganifenous qiiartiiles, gondites and ct^'S- 
talline limestones associated with manganese minerals. There are also 
highly folded and banded gneissic rocks associated with porphjTitic biotilc* 
gneisses and graiiitc-gncisses. At Sbi^rarajpur, in lire ncighbouriTig I’anch 
Mahals district, good deposits of manganese-ore associated with gondite 
rocks have been exploited for many years. In this area also jaspeiy quart¬ 
zites, siliceous and sericitic slates and eatcareous rocks form the Champaner 
Scries. There is a great similarity between the Champaneis and the Dbar- 
warians of the type area in South Bombay. There is therefore very little 
doubt that the rocks of Champaner are continuous with those of the Dharwar 
district underneath the cover of Deccan Trap which hides the Archaean 
geology of the intervening country, 

The Aravallis have been intruded by fine-grained aplo-gnmitc which 
is found as bosses and also as lit-par-lit intruaves, e.g., near Udaipur, 
continuing thence into Dungarpur, There are also ultrabasic racks, now 
seen as tale-chloritc-serpentinc rocks. Others, including granite, cpidiorite 
and post-lXdhi dolurite, are also met with, but these are less important 
llirin the ones meTitioned Sibove* 

Presumably intrusive into the Arav-aJlis arc the of 

Kishengath (26" 34' : 74* 52’) which have been described by Heron (Afrm. 
65, I’t. 2, p. 152, 19341. They are found in a series of small hills near the 
junction of AravaJlis and the overlying Delhi QoarUites. They arc known 
to be intrusive into the Banded Gnetsses, but no intrusive contacts have 
been seen in relation to the .Aravallis or the Delhis. They are presumed 
to be older than the Delhis as the Delhi Quartritos overlie them, though 
they do not contain any fragments derived fram the syenites. .A new 
interpretation has been advanced that the Delhis have been thrust ovtff 
the .\ra,%Txllis and that the soda-syenites have I wen intruded into thii 
junction zone and that therefore they are post-Delhi. U is also probable 
that they may be correlated with the soda-syenites iissociated with pyro- 
xeiiitc, gabbro and picrite described in Sirohi by Coulson (J933) which arc 
known to be post-Delhi but pre-MaJani. 
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These sj'cnitos niay be granitoid^ or banded. They consist of nepheline, 
swlaUte. canennitc. orthocliiso. niicrocliiie, some aJbitc and a pltochroic 
omphibole (bltie green to greybh yellow), Tlie wcatlieretl surface is pitted 
and greasy looking when rich in feldspathoids and present a lustrous pearlv 
surface when highly feldsptithic. They are associated with pegmatites 
consisting of coarse crystals of nepheline, blue to colourless sodalitc, white 
to yellow cancrinite, and dark amphiboie. Some of these pegnrtatites ha^e 
a pale carmine colour when freshly broken but the colour fadesi very 
soon. 

Raialo Series. -The KabUo Scries overlies ikc Aravallis and is overlain 
by the Delhi Sj^tem, the junctions in l>oth cases being markedly iinoon- 
fonnabltv Thu Rablos are included in the Archaeans. the eparchaean 
uiKonformity l>eing cunsitiered to l>e the break which interv'cnes between 
the Raialos and the Delhis, They consist in the main of limtstones. about 
2.000 feet thick, wfth thin basal sandstone and conglomerate. The lime¬ 
stones often rest directly on the older rocks without the intervention of the 
basal sandstem^. fn the Kajsamand area in Mewar, the limestones are 
overlain by uMcaceous E^iiartiites and mica-schists which have been highly 
Tnetanioriihosed and partly converted into gneisses. 

The main exposures are those of Alw-ar-Jaipur around liaialo, the type 
locality : in Ajmer and Afewar on the north-western flank of the syncli- 
norium at Makrana, Ras and God war : and on the south-eastern side of the 
^nclinorinm+ north of Udaipur city and through Nathdw'ani^ Rajsamand 
and KankroU into Par-Benara and Jahazpur hills. The exposure of the 
unmetamorphosed Hmestone of Bhagawanpura* east of Udaipur is also 
considered to he Raialo. 

In the t\TC area in Alwar (A/cm. 45) there are basal quartzites resting 
on grarvite passing upwards into thin-bedded slaty and micaceous quartzites. 
They are overlain by 2.000 feet of pure white, hard saccharoirlal dolomite 
marble with obscure stratification. There are abo yellow' pink and hmwn 
marbles, the impure bauds showing trenwlitc and actinolite. Tlw top 
beds are cherty and contain some patcUy deposits of hematite. The 
celebrated ^fakrana rnarbl^ deposits consist of a series of ridges trending 
N,N*E--b.S,\V. for over hve miles, the intervening hoUow sbeitag filled by sand. 
The rocks show steep easterly dip and considerable variation in thickness. 
Much the greater part of the formation Is a white, medium to coarse grained, 
calc marble with cloudy grey patches. There are also beds of rosc^pink 
and blue-grey colours, A few veins of pegmatite related to Eriupura 
Granite have penetrated the marble here though in most other exposures 
the marbles are free from intrusions. 

South-west of Makmna. near Ras (26° 19' ! 74® 11') fairly extensive 
outetops of marble are found over a strip 50 miles long and I mile wide. 
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TKc compositiQu of the mattria] is viery varied, from limesttJtW! (» caJe- 
gneiss, the usual tjfpc being a coaisc sacdiaroidal cakitic marble mth 
dir>|>side and a little white mica. There are interdjeddwl Iwmds of blue 
gr<fy limestone with knots of quarts, feldspars and calc-siticates which 
stand out on weathered surfaces. 

At Godwar in Jodhpur, 90 miles S,\V. of Ras, they arc csposeid as 
crt’stalline marbles and calcareouS'Schists. In the Saiangwa f]:iiaiTies, 
where the marble band is one mik bag. they are surrounded by the Ivrinpura 
Granite which has been responsibb for marmorization. 

In the Udaipur, Nathdwara, Rnjsamand and Kankroli areas, the 
marble (Rajnagar marble) is underlain by 30 feet of conglomerate and 
thin (iiiarUite. The marble is a pure white dolomite. In the Rajsauiand 
syncline the beds abow the marbles have been converted into mica-schists 
intruded by granite, sometimes forming banded gneiss. 

In the JahA2pur and Sabulpura Hills in X.E. Mewar. llicy form two 
ridges exposing both the basal quartzites and dolomitic marbles. The 
quartzites contain numerous quartz and granite veins. The passage beds 
bettveen the two formations consist of a femtginous breccia. 

The Bhagwanpura Limestone in Mirwar, 1,000 feet thick, is an un¬ 
metamorphosed dolomite forming a broad outcrop parallel to the Great 
Boundary Fault from Chitorgarh southwards. White, grey, pink, crimson 
and brown coUmre are seen but the material is fine-grained, hard and not 
visibly ciystalline. It contains disseminated silica, iron oxide and small 
clots of jasper. 

Though frequently clt^ly associated with the Knnpura (jranite tfte 
l^ialo Limestone is not ordinarily |»cnetrated by it. The melamorpUism 
to marble and caldphyre with calc-silicates has been mainly due to the 
regional folding to which the formations were subjected. 


BUNDELKHAND 

The .^Tchaoans of Bundelkhand are separated from those of tlie 
MatDiya Pradesh, Bihar and Rajasthan by the Vindhyans and Deccan traps. 

Bundelkhand Gneiss.—The greater part of Uundelkhand is ooeupied 
by the Bundelkhand Gneiss. It forms a semicircular mass 200 miles long 
(E.-W.) and 120 miles broad fN.-S.>, It is really a massive granite with 
rare and obscure banding or foliation, so that the term * gneiss * is rather 
a misnomer as applied to the typical rock. It has the same chararteirs 
here its in Rajasthan and comprises line to coarse grained as well as occasionai 
}forpbyritic varieties. The mineral constituents are quartz, pink ortho- 
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close, hornblende, iind the micas. It forms a flat undulating country, 
to the south-west of which occur the ‘ Tiansition rocks ’ and Vjndhyans 
which foTTO a hilly country. The schistose rocks in the south-western 
part include homblendic, chloritic and taloosc schists, but mica-schists 
seem to be practically al>sent. The schistose rocks, however, do contain 
patches of typical Bundclkhand Gneiss. Where occasional foliation is 
developed in the Btuidclkhaitd Gneiss, it has a general K.N.E. direction. 

The Bundclkhand Gneiss Ls Iravcmcd by pegmatite veins and well 
marked quarta r^^efs of varying dimensions. These quart* reefs form a 
characteristic feature of the landscape in Lower Bundclkhand and trend 
in a N.E. or N.X.E. direction. They are up to 100 yards wide and can 
be traccrl for long distances. In some places they form dams across the 
courses of streams. They consist of bluish white quart* associated some¬ 
times with a little serpentinous material. It is interesting that the ejuartz 
reefs stop short of the schists in the south-wtstem region. 

There are also numerous basic ignemts dykes traversing the gneiss, 
their general trend being N.N.W'. or N.W. These are also fairly prominent, 
though not as much as the quart* reefs. In contrast with the quartz 
reefs, which show the effects of some crushirg. the basic dykes are free from 
disturbance or metamorphism. 

SIXGHBHUM 

Singhbhunt in Southern Bihar is one of the regions which has been 
mapped in some detail and information about which is of modem character. 
The rocks show two facies, an unmetamorphosed one in the south and a 
metamorphosed one in the north, separated by a major thrust zone. 

This thrust zone extends from l^rahat in western Binghbbum through 
Chakradharpur. Amda, Rakha Mines, Mosaboni and Sunrgi into Mayurbhanj 
Slate, over a distance of 100 miles. It has an E.-W. course in the western 
part and turns to the S.E. in the eastern part, hnally merging with the 
Eastern Chats. The thrust zone marks the overfolded limb of a gean¬ 
ticline. Two lesser mnes of thrust are found further north, one along the 
northern border of the Dalma lams in Southern Manbhum and Midnapur, 
and the other still further north along the boundary of the granitic and 
schistose rocks. The three zones arc parallel to each other and to the 
Satpura strike which prevails over Southern Bihar and much of Madhya 
Pradesh. They converge in the neighbourhood of Coilkera (between 
Manoharpur arid C hakradharpur) as a result of which the rocks are seen 
to be tightly folded in that region. 

South of the main thrust zone, tlie rocks are little metamorphosed, 
though affected to some extent by the disturbance of the Efwtem Ghats 
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movements. They ha^'e been throMiii into folds whose axes are parallel 
to X.E.-S.W. (or N.N,E.^.S.W.) which is the general trend of the Eastern 
Ghats. Since the rocks to the north of the thmst zone have been found 
to l»clong to the same series as to its south, and since the former fretjtieiitJy 
show relics of earth movements earlier than the Satpura disturbance, it 
may be inferred that the Eastern Ghats movements were carber than the 
Satpura ones, H. C. Jfoncs recognised the foUowing succession in the 
Archaeans of Southern Singhbhuni. 


Newer dokrite 


Granite 


Lltrtitsask focis 


Irott-ore Seriei 


Bask lava* 

Upp<^ shills 

D^od^Ml liaeniatite<|uafl3Eitcs 
Lower staler 

PurpJe and liraeslmnea 
^ Basal congiemcrate Aftii sandsttpue 


Older MirtaiBerphkir--Qi3artzitMp qaafti-. tniOi-, 

herablendc- and chliarile-^tchist*. 

The Older Metamorphics consist of a group of mcumorphic rocks 
including homblendc^hists, quartzites, quartz-schists, mi^wus and 
cbloritic schists which have been highly folded and eroded before the 
deposition of the Iion-ore Series. They are found as a s«^ of smaU 
expires isolated by the Singhbhum Granite. Jones state that there is 
a profound unconloimity between them and the overlying Iron-ore ^ncs. 
and that the base of the latter is marked by conglomerate and sandstwra. 
These arc overiaia by purple, somewhat satiny, phylUtic shal« and be^ 
of banded haematite-quartzites. The shales contam »mc 
manganese^m, mainly pyiolusite and i«tloinekinc. derived from 
thciLlves bv a process of concentration by meteonc waters. They are 
workctl in the Koira vaUcy in Keonihar south 

other places further south in Keonjhar and Bonai. The baeirmtil^ 
nuartzL, which have a thickness of we« over l.OWJeet. fo^ P™™*' 
isodinally folded ridges capped by beds of very high grade ha^a ^. 
They are composed of alternating layeis of cherty silica, josi^ and ha^atitc, 
the indivdduJlayers i-arying in colour fmm white, through grey and bmwm 
to nearly black The layers are from a tenth to a quarter of an inch m 
Sut may someiimes be much thicker 
gix-e evidence in some places of the presence of oohn^tractures and of 
Sleritc wluch has since been rcpla^ by hematite 

free from clastic debris, indicating deposition m quiet waters lar from the 
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shore. They are iiitricately folded and contorted, thcr minor structures 
being apparently allributable to loCid adjustments after deposition, mostly 
while still in a plaslic condition, and also during replacement and slumping. 
The iron-ore k thought to have been derived from the enrichment of the 
haemalite-ijnaTtxites through solution and rcpkcemcnl of llie silica by 
ferric oxide. In addition to the rich, compact, mEisaivc ore forming the 
outcrops, there arc also slightly porous biscuitdiko ores and finely erys- 
Laltine powdery' ores known as dust. Lateral variation from one type 
of ore to another and to hematite-K^uartzite. the presence of partly enriched 
fragments of heniatite-quartxitc in the ore and other features point to the 
replacement origin of the orop Other iiiodes of origin and rteri^'ation from 
tuffs have lawn attrihuted to some of the less important orenbodies of Xarth- 
cm and Easlerti Singhbhum^ 

There are some basic lavas in South Singhhhum which appetir to Ik 
younger than the Iron-ore Series. In North Singhhhum. however, the 
top of the Iron-ore Series shov,^ intercalations of contemporaneous lava 
Rows, tuffs, and agglonrerates which are known as the Dalma traps. Tlic 
Iron-ore Series is intmded into by tdtrabasic rocks — peridotites, saxonites 
and dunites which have largely been convertttl into serpentine and talc. 
Some of these occurrences near Chaibasa contain workable lodes of chromite. 
To a later date belongs ihe Singhbhum granite which is traversed by 
innumerabic dykes of New^er l>olcTite. 

lii the thnist zone or closely associated with it are magnetite-apatite 
rocks and also copper lodes attributed to the soda grrmile known as Arkasani 
granophyre. Workable copi>er lodes occur at .Musliaboni and Kakha 
Mines and a few other places. 

To the north of the main thrast-xoiie, in North Singhbhump the Iron- 
ore Series forms a geanticline coinijoscti of mica-, liombleiide- and chlorite- 
schists. The schists contain garnet, staurolite and kyanite, the hist 
forming large deposits in Lapsa Bum and olher places in Singhhhiitn and 
along the same zone in Maynrbhimj. lianded liaematite-i^uanidtcs are 
unimportant in North Singhbhum, being represented mainly by phyllitic 
rocks. The gcanticlhie shows, just to its north, a syncline of Dalma traps 
which are silidfied to some extent in the basal i>ortion and also include 
sheared taicosc and chloritic rocks* 

North and north-west of these rocks thene occurs a large spread of 
granite and gneiss, the Chuta Nagpur granite-gneiss. Intrusions ol soda- 
granite with granophyric structure (Arkasanl granophyne) are seen along 
the main shear zone and also along the northern border of the geanticlme* 

J. A. Dunn has re^mappod parts of the Iron-orc Series of South Singh- 
bhum and re-interpreted the succession 74, p. 28, 1^39 ; d/zwi. 62, 
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PL 3. 1940 : and Mem. 69’ Ft. 2.1942). ilc considered the Older Mctarqor- 
phicj^ as forming part of the Ironn^re Series. The conglomerat-es and 
sandstones are regarded by him ta be younger than the I ron-ore Series and 
are now assigned to the basal portion of a new Kolhan Smts in which are 
included the limestoiU’S and some of the shales. The Kolban Series^ which 
k probably of Cuddapab age, is said to be quite undisturbed near the l>order 
of the granite but highly disturbed further west and north-west. 

In Eastern Singhbhum {Dhalbhum), to the south of the main shear 
Kone and in the adjoining part of Slayurhhanj, the Iron-ore Series is iin- 
conformably overlain by the Dhanjori Stage of quartJtites, sandstones and 
conglomerates, followed by lavas and phyllitcs. The Iron-ore Series 
contains ferruginous phyllitcs and poor iron-ores in Dhaibhum but good 
deposits occur in Majnirbhanj in, the Gommahisajii, SuJaipat and Badam- 
pahar hills. The ferruginous rocks have been altered in places to grunerite 
bearing rocks, mainly perhaps by contact metan'iorphism by granite* The 
Iron-ore Series is intruded by gnbbfo. picrite and anorlho^te, which are 
often found altered to cpidiorites, talc-schkts. taJc-chlorite«histSH tremolit^ 
schists {With asbestos), etc,, and contain lenses of titaniferous and vanadi- 
ferous magnetites. *4 few occurrences of these magnetites are found 
around Dublabcra in Dhaibhum, but larger ones are said to occur within 
the Mayurbhanj State, 

Table IS show-s the general suoccssvon now tentatively adopted for the 
whole of Singhbhum, 

Taotx 15 —Archaean Scoce5S1os in Singhbhi-m 
PCRjVNA Kolhan Seri** 

_ __ — - Lfnci5Ufcwiiiity --“--- ^ 

Xewer Ddirite 
Singhbhum Gnnilf' 

ChatA Nagpur Gucisa 
DnlmA and Ptumjori La\a* 

Dhanjoci SaTidftlon4?s ic. 

_ __ GoconlofTnij ty -— 

IKOK-ORE SERIES 

Intnisive into the Iron-orc Series there are: — (1} Ultrabasic rocks, 
(2) Chota Nagpur Granite and Gneiss, (3) Singhbhum Granite, (4) Arkasani 
Soda-grtmLtc and Granophyre and (5) Dolcnte- These are bnefiy 

described below* 

The Ultrabasic rocks arc found as a series of lenses in South and 

East Singhbhum and in Mayurbhanj, Some occurrences a few miles 
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SAW and W.SAV. of Chaibasa comprise pcridotkfs, dun lies and sa.vonites 
which have t>een partly serpentinised and silidfied, and contain veins of 
chn^mite up to a ttmi thick, Thfee have been affected by folding and 
are therefore regarded as older than the Stnghbhum granite ivhjch is un¬ 
affected, The age of the few cx|HJsmTSOf similar rocks, found in the Ikmai 
area south-west of Singhbhum, is not derlinildy known. As already 
mentioned, the occurrences in Dhalhhum and Mayufbhanj include gabbro. 
pyroxenites and jinorthosites. Trcniolite and talc rocks have been derived 
from some of therm while in a few places they contain tifaniferous and 
vanadlferous magnetites. 

The Chota Nafipur Granite-Gneiss^ occupies an imfncnse tract 
to the north of the Dharwarian rocks of Singhbhum and Gangpur. The 
northern belt of this extends from SanthaJ Parganas through liirarlbagh 
to l^alamau and the southern one from Bankura to Ranchi and Jashpur 
and further w^est. It is distinctly intrusive into the Tron-orc Series and 
assumes a banded and composite aspect near the margins of the schistose 
rocks, as for example as along the Gangpur-Ranchi border. It is generally 
coarse and porphjTitic and contains quartz, microclinc, orthoclase, oligoclase, 
biotitc, a little apatite (and occasionally some green hornblende, in Singh- 
bhum). TpurmaJine is frequently seen but especially abundant in the 
pegmatilic phase as in Southern Ranchi. In parts of Manbbum* Ranchi 
anil Hazaribagh. it weathers Into tors and is called the Dome Gneiss. The 
composite form of the rock usetl to be referred to as the Bengal Gncins 
in earlier geological literature. It resembles the Peninsular Gneiss to a 
great extent. Its later phases are pegmatites, aplites and quart?- veins, 
the last being often auriferous in Chota Nagpur. 

The Singlibbum Granite occupies large areas in Singhbhum, Ma^mr- 
bhanj. Keonjbar. Bonai, Bamra, Sambalpur, etc. ll is a calc-alkali granJle 
probably Telate<i to the Chota Nagpur Granite but it is generally considered 
to be later in age. In composition it varies from a potash granite to 
granodiorite and contains orthodase, microcline, acid plagioclase, biotite 
and some hornblende. It is generally granitoid in texture but occasionally 
becomes streaky when associated with schistose rocks. 

The Arkasajii Soda-firanife is seen in Kharsawm and Seraikela 
in Singbbhnm, mainly along the major zone of thrust. The chief type is 
a granophyre with inter-growth of quartz and feldspar, grading into a soda- 
granite, The granite around Chakradharpur in Singhbhum is probably 
a modified form due to contamination by schistose rocks. It seems to bo 
slightly earlier than the Singhbhum Granite in ago. 

1 Nagpur a a applied to the cotppHalos the Singhbfautii,^ 

Ranchi^ Gtanfpiu' and adjaceqt diatricta. It ii also Um name of a ConmtiHUCner'a 
divuion in JMiar which incliide* the Ranchi, Hasarib^h^ PAlamau, Singhbhnm and 
Manblinai districts- 
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The Newer Dalerite is the latest intrusve, appearing as dykes in 
the Singhbhum Granite. Tlie dykes, which are particularly abundant in 
South Singhblium and Keonjhar, have a major direction of N.N.E.-S.SAV. 
and a subsidiary one of X.N.W.-S.S.E. They vary in width frotn a few 
feet to as much as 600 or 700 yards, and can often be seen standing out 
clearly in the granite couutr>' as low ridges for miles. The rock is a doicnte 
or quartsHioleritc with granophyric structure. The thicker dykes are 
gabbroid or noritic In the central portions. Dykes of augite-granophyre 
are also known among them {Krishnan, 1935). 


GANGPUR 

To the west of the Singhbhum district, in Gangpur (now called Sundar- 
garh district}, there is an anticlinorium or geanticline which has an E.S.E.- 
W.S.\V. axial direction. The structure is closed towards the east hut iS 
cut up and obscured by granitic intrasives to the w^t. The strike becDni« 
\V,N.VV.-E.S,E. in western Gangpur, in conformity with and influenced 
by the Dharw^arian strike of the MahanadI and Bralunani valleys just to 
the ftoutb and south-west of this region. 

The anticlinorium shows the following succession of rocks, as worked 
out by Krishnan (Table 16) and named by him the Gangpur Series. 


TrDBHSrc Series 


Gangpur Senes 


Ta&le 16—The GAJCCPt it Series 

PhvHttra. iiJate# aivd Uvas 
tUghunathpali ccrnglotncxatc 

lihcar stone- 


' anci 

Upp«r ciif betnaceou* pti> llitrt 
C^citk marbles 

marblTfi 

Mic* schilt# and phymtrt 

U>wEr f-srboiuieecMas qourtnirt and pnyiiat^ 
GdmJiiiEs will! pliylbtfti not setn) 


There is a general inerrase in the grade of ntetsmorphism when the 
rocks are followed from the Singhbhum Iwrder on the cast to the centre 
of the anricUnorium on the west. It should, however, be noted that some 
of the recks, which have jAyllitic appearance and characters, really 
products of retrogressive metamorjihism, containing reb» of garaet. 
,t..roli.c. b»Ute, Th, strike (E,N.E..XWVJ » found to 

Ijo n^impooed on on eoilict. proomoWy Ensloni Ghats, stnke «hidl IS 
pfombieHt south of this art?a^ 

The oldest rocks are gondites, found in the central or a-xial region of 
the „«i«nnno They ^fin. b«ido. ,.«U-,p=«nti.. -ks sl» 
those with rhodonite. blanfonUte, winchile. etc., associated with workable 
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bcKiies of mangaiKse-orc. They are succeeded by carbonaceous quEirtzitcs 
and phyUites, dolomittc and calcitic marbles and carbonaceous phyllites, 
these being intercalated with phyllites and mica-schists. The carbonaceous 
phyllites are llagg>’ or sbty in certain places ^vhile the marbles contain 
very^ large reserves of good Umc^stone and dolomite which are now t>cing 
iise<l as dunces in the iron-snieltirtg furnace of Ikrngol and Bihar. Large 
fluantities of the limestone are also burnt into quick-Ume. well-known in 
the Calcutta nmrket as Bisra lime, named after Bisra ^vhich is a railway 
station near the Singhbhum-Gangpur border. At the top of the succession 
is a shear zone in which the Ragbunathpali conglomerate is involved. It 
is a sedimentary conglomerate which has suffered intense shearing as a 
result of which an autocLastic character has been imj>osed on iL rhe 
overlying beds are phyllitcs and mica-schists belonging to some part of the 
Iron-ore Series, The (xangpur Series is intruded by basic sills (presumahty 
the equivalents of Dalma traps) and by bosses of the Chota Xagpur granite. 
Tile basic rocks have been converted into schistose amphibolites and 
q>idiorites containing amphibolr, clinoKoisite, ilmenite and magnetite. 

The Gangpur Series is dedticed to be older than the Iron-ore Series 
since it forms an antkiinorium surrounded by the Iron-ore Series ■ the 
lithology' is different, calcitic and dolomitic marbles, gondites and earbo- 
rmceous rocks being characteristic of the Gangpurs ; tiie basic Igneous 
rocks wlUcIi occur as flows in the Iron-orc Series form sills and occasional 
dykes intrusive into the Gangpur Series, 

Disregarding tlio Older Metamorphiq Series, there are two groups of 
rocks in the Dharw-ars of Chota Nagpur^the Gangpur Series chamctensed 
by manganiferous rocks and marbles, and the Iton'Ore Series containing 
iron-ores* These tw^o show clo&tf affinities respectively with the Sausar 
and Sakoli Series of Madhya Pradesh. 


THB SON \*ALLEY AND ADJOINING AREAS 

North and north-west of Ranchi and Haxaribagh, schistose rocks art^ 
found in the .Mirzapur district, in the drainage basin of the Sone river which 
is a tributary of the Ganges. Mallet recognised two series in this area, 
separated by an unconformity. The lower division, called the jJgori 
includes slates, chloritic schists, schistose quart/ites, jaspers, thin 
limestones and basic igneotis rocks. There are also some slates and por- 
cellanoids which are thought to constitute the upper diiTsion. No marbles 
or gonditic rocks seem to have been found amongst these rocks. The 
sc^juence would therefore seem to be the equis^ent of the Ironnsre Series. 
It is intruded by gneissk granite which is evidently the same as the Chota 
Nagpur Granite-gneiss. In the Palojiiau district there are crystalline 
limestones, graphitic schists, epidiodtes and quartz-magnetite rocks. 
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[r parts of tlie Gaya and J UzarilMgh dlslriets thiftx are various types 
of sehislose rocks—biorite-seWsis, sillinwiilC'gndsscs. calc-graniiUtes and 
opitlioritcs, which have boon CNtensivicly granitised by the Dame Gncia 
intrusive into them. The general strike of foliation of the rocks is E,N.E.- 
W.S.W. The Dome Gneiss Ls here contiiininnted Isy the absorption of 
schists and Ls characterised by the prestmcc of quartz, tnicroclinc, oligoclasej 
biotitc and occasional hornblende, with fluorite as an important accessory. 
Numerous mica-bcaring pegmatites traverse the gneusses and schists and 
contain rich deptwits of mica together with herj'l, moiiazite, pitchblende, 
triplite and other minerals. 

Further east, in the llajgir, Kharakpur, Gidhaur. Shaikpiim and 
flther hills, there are quartzites, crusli conglomerates, jaspery quartiites, 
slates, phyllitcs and miea-schisLs, having a general E.-W. or E,NJC.-W.S,W. 
strike, The quartzites arc generally the most prominent members and 
form scarps. The schistose rocks Irn'C been highly dUturbwl and have an 
irregular boundary with the gneisses which are intrusive into them. These 
may belong to the [Jharwais or to the Cuddapahs. 


BENGAL 

The Midnapur area of Bengal is continuous with Dhalbimm (Easttim 
Singhbhum) and contains gneisses and schists similar to those found in 
the latter. The gndssic rocks arc of the type formerly known as the Bengal 
Gneiss, akin to the Peninsular Gneiss of South India. 

A few miles to the soutli of the KatiigiiUij coalfield, there is e)!|>09cd 
an interesting group of rocks comprising anorthosites, labradorite-pyroxene 
rocks, anoTthosite-gabtwo, norite, gnuio-diorite. granite and pegmatite. Tbc 
anorthosite forms masses and dykes, the largest mass occupying an area 
20 miles in length and 6 miles in width. The igneous suite is intrusive into 
the Dharwarian schists and is thought to be derivetl from the differentiation 
of a single ultrabasic magma, the .tnorthoaite being Trgardfd aa a proiluct 
of crystal settling. 


.4.SSAM 

The Assam plateau lies along the continuation of ihts .^rchaeans of 
Bihar but is separated from the latter by the Ganges-Bnihmaputra valley. 
The plateau comprises the Garo, Khasi and Jaintia hills ami to its north- 
cast is the detached area of the Miklr hills, 

The Archacans are represented hen? by gneisses, schists and granites, 
having a general N.E.-S.W. direction of strike of foliation. U.. parallel to 
and more or less along the continuation of the Eastern Ghats of Orissa, 
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There is natur^itly iiiuch local variatioii, ai^d in parts of the Gam hills the 
Satpura strike may be seen. 

Extensive tracts of the ancient rocks are fnonil in the Khasi and Jaintia 
hills. The oldest seem to be banded, composite^ biptitc-gninite-gneisses. 
The granitic constituent is sometimes fKirphyrittc and sometimes hue 
gfaine<i ^l^d aphtic, and consists of quaii^^ mkroperthite, som^ tnicrocltne^ 
oligoclase and biotite, with garnet, apatite^ aircon and rare sphene as acces¬ 
sories. The gneisses are associated with gamet-quari^itea ^’ith or with¬ 
out stllimanite. In the area west of Shillong, there are homblende-biotite- 
gneisses and biotite-cordierite gneisses svith N.E.-S.W, strike of foliation. 

In liie granite-gneiss of the Nongstoin area, Khasi hills (Assam) ooctir 
lenses of quaj^z-bjoUte^siOimanitc-cortlierite rocks and quartz-silLimanite 
rocks ivith sillimanitEMronmdum masses. These occupy a belt haif a mile 
wide, with general E,-W, strike. The economically important lenses 
consist of massive sillimanite with a little corundum, some showing siUb 
manite only and a few corundum only* To ihe east these rocks are cut up by 
granite, in which lenses of sillimanite rock may be found. The massive 
siJlimanite rcNzk is sometimes traversed by veins of coarse fibrous sillimanite*. 
On weathering the siflimaDite alters to kaolin or to a micaceous materiaL 

The gncissic complex is apparently overlain by the Shillong Series 
w hich is regarded as younger. The Shillong Series is mainly of sedimentary 
origin and is the equivalent of the Dliarwam. It is composed of quart¬ 
zites. conglomerates^ phyllitcs, sericite-^ chlorite-, mica-, and hornblende- 
schists, with occasional carbonaceou-s slates and banded ferruginous rocks.. 
Some of the schists are gametiferous* Tbc assemblage bears some resem¬ 
blance to the fron-ore Series of Chota Nagpur and to the Dhanvarian rocks, 
in general. Similar Tocks art exposed in the Simsang ^^^alby *ri the Garo. 
hills and also in parts of the Sblikir hills* 

The ShiUong Series was first Lfitruded by the Kht^si Orenisfones^ 
cpidiorites, amphibolites and amphibole-schists^which have been folded 
up with them and are therefore presumably of ArchRtan age. ft shows 
some gradation tow-ards gneisses near the junction with granitic rocks. 
Distinctly of later age is the Granite which forms bosses and also 

thin interfolLar veins in the schists. It is a pink, homogeneous, fairly coarse 
biotite-granite containing porphyiitic pink microdiiie, orthoclase, some 
add plagioclase, biotite and hornblende, with apatite, zircon, magnetite 
and sphene as accessories. Over most of its area the granite is fairly massive 
and non-foliated but is occasionally streaky and may sJiow xenotiths of 
quartzite and basic segregations. A grey granite also occiux in these 
areas which is thought to be a variety of the Mylliem Granite. 
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In the granite ^nd. gneisses are found certain lenses and patchy of 
intcirncdiate to fcasic pyToxene-gratnilites viitich greatly resemble the 
chamockites. This should cause no surprise since similar occurmices, 
thought to be motaniorphosed mixed rocks, have been found in recent 
3'ears in M^^sorOr Bastar, and other areas. 

The granite^ and to some extent the gneissesK arc trai'crscd by dykes 
of doloritc : in the more southern areas there are flows of the same rock 
which arc frequently vesicular and am^'gdaJoidal, with intercalated ash- 
beds. These are the Syth^ Trap.% ivhldi aie pn?-Uppcr Cretaceous tn age 
and resenibk the Hajmahal and Deccan Traps. The rock is a dolerite or 
basalt, sometimes with olivine which is generally more or less serpentbused. 


CORRELATION OF THE PENINSULAR ARCHAEANS 

The Study of the Archaean rocks is beset with many difbciUtles w'hfch 
do not crop up in the case of later sedimentary' systems, There is, in the 
Archaeans, a complete absence of fossils w^hich are of invaluable help in 
determining the geological ;tge. They include a great variety of formations, 
both igneous and sedimentary, but the original characters have been 
obliterated by repeated changes. Metaraoiphism has pnxiuced not only 
mineralogical and stnictural changes but has also rcmove^l or introduced 
materials resulting in marked changes in composition. In addition to the 
effects of temperature and pressure, tliere are also tlic^ of igneous contact, 
magmatic sloping^ assimilation and hybridism. Tlie cumulative effect 
of these factors Is the production of a l^cwildcring \aHcty of jx?trological 
types with complex characters which mast necessarily be confusing and 
difficult to unraveL It is common experience that similar rock types may 
originate from very' diverse original materials and that cpiitc dissimilar 
types may be evolved from one typo of original reck. 

Intensive work has been, and is being, done in various jiarts of the 
world to solve the diflkulties confronting the study of these anctent for¬ 
mations. Though noiable progress has been made during the present 
century^ a great deal still remains to be donc^ especially in the physical 
and chemical problems involved. 

In the correlation of sedimentary formations it is usual to rely on the 
lithology, stretigraphical superpe^ition and fossil contents for purposes 
of age determinatk^n and correlation, since one or more of these is always 
av^ailablc for settling questions of lnter-relatk>iiship of strata. These 
criteria are. however, either absent or comparatively of little help in the 
case of Pre-Cambrian formations, and cspeciaUy^ of metamorphic complexes^ 
for they arc devoid of fossils, their Lithology' is transformed by metamor- 
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phisto and their stratigraphicaJ relationships confused hy intricate folding, 
<listtirhanoe and dislocation, 

Nevertheless, these and other criteria have to he used in connection 
with these ancient lodts. Sir L. L. Fermor has discussrtl this question 
in the introductory part of his memoir on the ‘ Ancient schistose formations 
of Fcninsular India' G.SM LXX. Pt, I, p, 9-25) under the follomng 

heads:— 


L Sttatigrapbical and continuity 

2. Structural f^Utionahip, rf-l-, preseocc ol utKQriiDrniitifsfi and r^lalicwuJiip to 
pcf iofU fultlittfi 

3- Rclftticnship Lu igneons id truucm 

4. A^sdciatc^i Ofc-dcpcwita of c^pigenetiE oriijm 

5, tj.tholdgkiil compertttion 

h- Cliemi«l compiiftition 

at mirUcnnrphiara 

g, UxBjiiiuiiii4<2aii and tJujiHom^leiid mii«w 
Tlieac criteria may nuw briefly cKiimin*1 

]. The (tratippmpbUrAl ^ii^^utntc wenfkcd out in detail In one area mji.y prove 
wry helpful in an adjacent wlc whqre the lithoki£ii:a3 uniti and ffradc of metainar- 
phism juv sirndiLr, Local vartations arc, however, to be taken into aACount 

2. The sequciH:^ may be made compirx by folding, shearings and overtfirnrt 
phenomena, inverted and incomplete iequenccs arc common and folding may atCrtlie- 
time* he SO complex that m\y repeated and dose study may finsdiy help to JKdvo the 
<|ae*tion of Intct-rtlAttomhrp of the strata. Unconformitires which tepoiate two 
groups oi Strata are uSusUy marked by congloTncrate*. but thc« latter Ote often cmabed 
and ^histccL sfome of the adjacent rocks alw becoming involved in the cmibing. 
Structural features are of great ImpOTtaDco in the Study Pf these rocks sinco thet« 
might prove helpful when olher criteria fad. 

y Sei-Bfal-periods of in tnisioni of granitic aud basic recks are recognised in the 
Areboearti. If the texittenee of igneou* actioEi is once satafaciorLly established, it 
wiil tie possible to observe the effeote of ?uccc^rt Irttresi™ cm the associated formations 
add clctluCc the age of the latter. At least three granitic intruskms art idferred to 
tiave taken place at difitiedt lime* during the Arelioean era in India, but the igneous 
histpr>' ^ difTcramt in different areas and our knuuletlge of tbis aspect of the Hibject 
is still scanty and far from satiifEtOtcrr>% 

4. Ore formation is often related la igneous acti\'ity and a knowledge Pf the 
histpry of ore-depcaits can be of much help in 9tiahgraphical probtems. 

5 & 6. LithciiogicaJ and ehemKdl composition of the eompooent parts pf a 
ftucce^^iuii are valuable criteria in detcntiiniEig parallcliini in itfatigraplukol Bequences- 
Uut It ibottid be reallKd that, eWU if the beds are centinuous over Large areas, they are 
hal4v to lateral variation. Metamorphism and changes e fleclod by igneous emanations 
may alter theclianieter of the beds within short distances. Yet, certain types of peculiar 
composition, found in widely separated areas, may serve as useful indkatore of particu¬ 
lar horiacHis. Though such csHideiKC may not be entirely dependable by itself, it might 
prove important if used in conjundiDii with other evidences. 

7. The eflecta of meiamorphtsm of diJTereiit gradH, under varying eonditioni 
»of load. eompreSBOP and temperatujc, are now well recognbed. The efiecti COn be 


ivj 


ARCHAEAN OSOLT—PENINSULA 


147 


very varied even In 2. iinjlc, tmte or I™ eontinuoiii, ajca . For purjKii^ of convlatioFi, 
the intecLRity of grAdc matB,mQrphfejim and the local fncLiinar|iliic historT.’ will 
lo bo carefully studied, in conj ttnctkm with other loctorfi. 

8- The pnsent «ntujy has Hoen the development of radio-activity which has 
had a very profound influmec on fundamental ph^'sical concepts. Since radiwiEtive 
dumtegration of eertajH elemefits proceed# at dohnile rate# and malt# in definite 
end-products, these measunible quantities can be nied for deterrainins the time Uiat 
has ciapiMsl lince these materials wm fonru.'d in the crust. As Ic^d and helium are 
the final products of the ladlooiitive disinteSTUtloti of unmium and thoriiiHL the careful 
c|LLaiititatLve< determinatUm of lead and hdium and their imtia to the parent deraenta 
can yield data as to Ihdr age. There are, however, several nncertaiii factors involved 
—the decree of u’cathcring and alteration, accession or loss of inateriai by repluceiiieiit, 
the presence of iwtopeii^ etc. In using the hdlnm method, the uiurertJuntLei art even 
greater as we do not know wh4it influence thr pli^^ical properties, atmeturfH tejftufeK 
eCLVEnonmcnt. etc., of the sample, and the mode of coUectEon snd prcparatian thereof 
have on the prescrv'mticm of the helium evolved. In Spite of the dif6cuUics, however, 
useful resniis have been got, thmigh the data aw yet vtty scanty. 


CORRELATION 

Ttic above-mentioned criteria can be applied n-ith succe^ in limited 
areas wherein the rock series are more or less cotitinuous, L^ncertainties 
come in when correlation is soiiglit to be made between detached or cEstant 
areas. 

The schistose or Dbarwariaii nseks are now recognised as the oldest 
Archacans in most of tlic area^. The oldest Dhanvars are probably of 
igneous origin, the sediincntaT>' material gradually increasing in the younger 
strata. In Rajasthaiip howwer, the Banded Gneissic Complex and lisc 
Bundelkhand Gneiss have been regarded by Heron as older thaJi the Ara vaUis, 

J n several areas a part of the Pharwars is characterised by the associa¬ 
tion of ciy^taliine limestones and nianganese^bearing rocks, and another 
part by banded ferruginous rocks and ircdujres. These associations can 
be used as criteria for purposes of correlation^ on the assumption that 
at a certain period of the earth's history these special tiqses of sediments 
were deposited. The mangaiicse-beaiing rocks and iriarbles belong to 
an older series than the irou-orc-beaiing rocks. 

The manganese-marble association is seen in the Sausar Series, Gangpur 
Series, the Champanere of Gujarat, part of the AtaL^alliSp the lower portion 
of the Jabalpur rocks, the Eastern Ghats rocks with kodtirites and 
marbles, and a few small exposures in Mysore like the Sakarsauite and 
Bandite Series, These may be regarded as fontung the lower division of 
the Dharwars, 

Banded ferruginous rocks and iron-ores characterise the Iron-ore 
Scries of Chota Nagpur and Bastatp the Sakoli Series, the Cbilpi Ghat Series, 


Table 17—Rough Correlation of the Peninsular Archaeans 
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the Dharwars of the type area, the Shillong Series, the Middle Dhar^vai^ 
of Mysore* the rocks of Salem, the tipper portion of the sequence in Jabal¬ 
pur, etc. Jn some areas they are a^odated with mangauifergus sediments, 
the manganesMirc segregated from which is usually fcmiginous and 
constitutes lateritoid deposits. Tlicse different groups may therefore 
be put togetlier in an upper division of the Dhanrarian System* 

The RaiaJos form an upper division above the Aravallls, an^l may be 
considered the equivalents of the Upper Dharviurs' of Mysore, 'fhe 
newly separated Kolhan Series of Singhbhum may be their equivalent or 
may be even of Cuddapoh age. 

The Dharw'arian Sj^stem invariably includes basic rocks w‘hich have 
been folded with them and metamorph^ised. Two or mom periods of 
granitic intrusion am recognised, the latest granite being generally non* 
foliated and hence later than the main dlastrophism. The earlier gneissic 
granites include the Peninsular Gneiss, the Bengal Gneiss* the Banded 
Gneissic Complex of RajastIran. etc. The later granite is represented by 
the Closepct Granite, the Bellary* Hosur and Arcot gneisses, the Dome 
Gneiss, the Singhbhum Granite, the Amla Granite and MylUem Granite. 

The complexity of the Archacans prevents us from attempting any¬ 
thing more than the above broad indication of correlation. Much detailed 
and intensive vi^ork will have to be accomplished before an acceptable 
scheme of detailed correlation becomes posable. Table 17 gives the general 
equivalents as suggested in tbc above discusskui. 


CHAPTER V 


THE AKCH.\EAN GROUP— EXTRA*PEhTNSL'LA 

Pfe-CambriaTi fonnations occur tlirougliout the leii^gtli of the ffimaJaya 
But only a few regions have so far been studied—Kashmir-Hazara. Simk- 
Garh^al, Sikkim^Bhtitan and parts of Burma, Information on other 
parts is either very meagre or wanting. 

There is also a special difficulty in dealing with this region, viz., that 
there is not always sufficiently detailed information for scpiiruting the 
Archaean and Algonkian formations. We have therefore to deal with 
all the Pre-Cambrian rocks of the Himalayas here though it may not be 
logical to consider the Algonkians before dealing with the Cuddapah and 
Vindhyan Systems of the Pctiinsula, 

A considerable amount of work has been acoomplished in the Himalayas 
in recent years by D. N. Wadia. W. D. West and J. B. Auden and by the 
psitticipants in the several Himalayan expcdittoiis. 

NORTH-WEST HIMALAYA 

Pre-Cambrian rocks are developed in this region in Chi las, Gilgit, 
Baltistan, Northern Kashmir. Ladakh and Zanskar and continue through 
Kumaon into Nepal and Sikkim. In Kashmir and Hazara they are cdlcd 
the Salkhala Scries and comprise slatra, phyllites, quartzites, mica-schists, 
carbonaceous and graphitic schists, crystalline limestones, doloimtes and 
biotite-gneisscs. They arc highly folded and compressed and have Wn 
involved in the movements which brought the Himalayii mountains into 
being. The Salkhalas are well s«n in the Nanga Parbat, in the mountains 
north of the Kishenganga and in the I’ir Panjal where they- are highly 
metamorphosed and subjected to regional granitisatiou. They are often 
found thrust o^'cr rocks of Permo-Carboniferous or later ages. As b to 
be expected, the grade of metamorphism varies from place to pla«, some 
of the ^ates in the less affected areas being scarcely distinguishable from 
the Dogra Slat® of a later (Puiana) age. 

The Salkhalas arc associated with a gneissk complex, parts of the 
constituents of which m%ht possibly be older. The gneisses include 
granulites and biotite-gneisses containing quartz, orthodase, acid plagiodbse 
and biotite, sometimes with porpbyritic structure and prominent gneissk 
banding. There are also some homblendic gneisses in the cnmples. The 
bands of the gneisses comprise schists of various descriptions—^biotitic^ 
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miiscovitic, harnbkjKlid, t^ilcose and chlurttic* The gnc£s!>ic rocks iire: 
well displayed in the region of the Ziinsfcar Rajige and to its nort li. Hxposuri's 
arc also seen in the Oljauladhar Range, Vk Panjal, and other areas. 

The Salkhalas are, according to U. X. \\aclia. conij^amble to, and 
probably homotaxiaJ with, the Jntogh Series of the Sintia men. Much 
the interv'ening area remains yet to N? mapivd* 

The Salkhalas and the gneisses are traversed by later igne< 3 us intmsives 
inclnding gabbro, pvToxenite, dolerite, homblendc'gTanite, tonrmaiine- 
granite and pegmatite. The 'Central Gneiss" of the Himalav^a is appa¬ 
rently a mixtitre of rocks of vTirioiis ages, mainly of granitic compasition, 
some Iteing early Tertiary^ and some pre-Tertiary^ The hornblende- 
granite is presumably of Tertiary' age as it is seen to be Intrusive into 
-Cretaceous rEXrks at the head of the Bursil valley. 

The ikaJktialas and the gneisses are suecmlcd by the Dpgra Slates 
which are mainly atgiUaceous with minor layers of qtiartzites, t]uartzitic 
slates and flags. They are unfossilifeioiis and are overlain by the fossil!- 
ferous Cambrians of Kashmir, Since they form a thick scries, ihotr range 
in age is not known, but they' would appear to extend downw^d from 
Lower Cambrian to Pre-Cambrian and may be the equivalents of the 
Vindhyans and po^ibly also part of the Cudda|>ahs. 

The Dogra Slates arc also found in the Pir Panjal and parts of the 
KishcTiganga ^-alley (MuzaJfarabad district). Similar rocks are present 
in fJazara and in the Attock district of the l^injab where they arc called 
the Attock Slates, 


SPITI VALLEV AX[> KUMAON 

The region beiw^een the Centml Himalayan Range and the Zanskar 
Range is of great interest as it contains a complete range of formations 
from the Pre-Cambrian to the Cretaoeoiis, 'The region of the Spiti Valley 
has been studied by Griesbach^ Hayden* Diener and Vqti Kraflt, in this 
ngion* the niost ancient rocks arc highly folded mica-schists, slates and 
phyllites which constitute the Systtm named by Griesbach, They 

are considered to be the equivalents of the Dhar^rars of South fudia and 
the Darjeeling Gneisses of Sikkim* 

The Vaikritas arc succeeded by the System, consi^iting of 

<luartjEite^* conglomcmtes, shales and sJates, Later work by Hayden 
showed that the Hammntas contain several fossilifijfoijs horizons which 
indicate a Cambrian age* 'fhe low^r part of the IfaimantaSp which are 
unfossilifercus, may be partly PteCambrian, 
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The Vaikritas eNlcnd to the south^t through Nepal into the 
Kanchcnjunga massif and further cast. Tliey arc overlain in northern 
Kumaon by phyilitcs. calcareous phyllites and qnart^ltl^s which am to 
some extent injected with wins of pegmatites and quarti. This phyilite- 
quart 7 itc sctiuence has been called the A/tfrtoli Serie$ by Heim and Gansser. 
after the village of Martoli on the Gori Ganga below Milam, Thts unfossili- 
fercus group of rocks represents, according to these authors. Ilysch-like 
^iment& accumulated under gcosynelinaJ conditions. Thoir ttiickness is of 
the order of 5.000 metres and they arc considered to be of Aigonkian age, 

SIMLA—GARHWAL 

The Sub-Himalay-as of the Simla-Garbwal area contmii rocks similar 
to those of Kashmir, designated the J*>iogh and Chuil Series. The Julogh 
Series resembles the Salkhalas and contains slates, carbonaceous slates, 
schists and marbles, while the ChaiLs are mainly quartzites, limestones and 
schistose slates. They arc separated from each other by a thrust zone 
and both lie on younger rocks, the Siittln Sluits, which are little-metanior" 
phosed slates bearing a gT«it resemblance to the Dogra and Attock slates. 
\t Simla itself the Chails rest on dates of the Blalnia. The structures 
are so complex in the SimU region that it is not unUkely that the Jutoglis 
and Chails may be merely parts of the same series. These fomations arc 
intruded by the CAwr Grauile. tj-pivally exposed in the Chor mountain. 
The granite has produced some metaraorphism on the adjacent rocks. 

In tlie Northern part of the Chakrata area, the Jutoghs are not re¬ 
presented, but the Chails are wcU developed, containing slates, schistose 
grits, quartzites and limestones. The Chails rest, with the intervention 
of a thrust, on the Deoban limestone or the Mandhali Series which arc 
probably of Lowtft P^laeoioic age. 

The Archaean rocks of Garhwal’—schists, granubtes^ slates, etc. 
have been traced up to Visbnuprayag, Badrinath and Mana. In some 
areas in Carhwal, these ancient rocks have the same strike as the AiavallU 
of Rajastlian and lie more or less on the continuation of their strike. They 
have some resemblance to the Dalings and the Saikhalas. 

NEP.^L—SIKKIM 

The Archaeans are here represented by the DfUing and Darjeeling 
Series. The Daling Series is a schistose group; it grades through a transition 
zone into the dominantly gneissic Darjeeling Scries, 

The Dalings are typically slates and phyUites in the lower part and 
scridtic and chloritic phyllites in the upper part. The Dalings of Sikkim 
contain lodes of copper^ire in same places. !n the transition zone the 
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phyHites f^oiry pcrphyroblasts of chlorite and biotite with occasional tonc^ 
containing tiny garnets. These pass into gamct-biotitc-schists, ifranulites 
4md schists containing staurolite, kyanite and sillimanite. These schistose 
rocks are interhanded 'with granite-gaeiss. In Northern Sikkim and 
adjacent parts of Nepal, there are also such rock types as marbles. caJd- 
ph>T€ 5 , quartzites and pAToxene-gramilites amidst the gneisses. 

Since the Dalings practically al^x'ays underlae the Darjeelings and show 
a different igrade of nietamorphlstn, the two were fomicriy considered to be 
distinct scries separated by a liy|>othetical thrust J* B. Auden 

regards the presence of a thrust uonc improbable {Rec, G.S./. LXIX. 
p. 123-167, 1935). The Darjthelings seem to Itc merely the granite-injected 
and highly metamor^^hosofl upper part of the DaJings. Auden has also 
suggested that the granitic rocks of Diitatoli and Lansdownc in Garhwa) 
may be the same as the granitic iixjnstitucnt of the Datjeelings, and that a 
similar granite has given rise, by disintegration, to the fuldspathic sand- 
istoncs of the iddle Siwaliks of the Darjeding-KepaJ foot-hiJb. 


BHl'T.AN AND EASTERN HIM.^L^VA 

In the Bii.\a Duars of Bhutan, lying to the east of the Darjeeling 
n group of rocks containing dolomitic limestones and quartJtites vi^as called 
the Buxa Smf- 5 , and correlated with the Simla Sintra. Recent w'ork 
indicates that they contain slates, phyllites, quartzites, mica-schists, talc- 
schists, limestones, dolomites, banded ferruginous rocks and chlorite- 
quartz-magnetite-schists. They axe said to resemble the Dharwarian 
rocks of Chota Nagpur but may contain representatives of the Cuddapahs 
also. The w^hole series is thrust over Lower Gomlwana rocks, parts of 
which uudoubtwlly are the equivalents of the Ektrakars with coal scam-s. 

Argillaceous schists and gneisses are know'n in the Aka hills, 
these having been correlated with the Daijeelings by La Touche. Godwin- 
Austen fouiKl similar rocks in the Daphla hills. The Abrfjr hills near the 
Sadiya frontier tract contain quartzites, phyllitcs, slates, mica-schists^ 
limestones and dolomites, according to C. Brown. The Mishmi hills 
show a large variety of schistose and gneissic rocks including quartzites, 
mica schists, chlorite-schists, amphibolites, granulites and kyanite and 
gamet-bcaring rocks. A. M. N, Ghosh has recorxled that these are associated 
with composite gneisses, intrusive grmntes and pegmatites. Tlie rocks 
therefore correspond to the Dalings and Darjcelings. The >lSjd hills and 
the Daphabhtim similarly show' quartzites, limestones, schists, gameti- 
ferous gneisses, etc. 

The Himalayan Archaeans have not been stuebed in as much detail 
as some of the IVninsiilar Archaeans, but a rough indieation of the oorre- 
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latiuti may lut giv^n here. The Salkbalas at Kashinir-1 Cazara, the Jutoghs- 
and Chutls uf the region, the V'aikrltas of t tie Cent nil Hiiiiala 3 ras of 

(jarhwdl and Kuniaon. the Dalings anti [>arjeelings of Nefml-Sikkim. tJu^ 
Buxa Scries of Bhutan and the gneisses and schists of the Assam Himalaya 
seem to Ix! generally the efiujx'alcnts of the Dhanrarian rockst»f the Peniiisub. 
In addition to the fokiing, metamorphism and igneoiLs intrusions sufferctl 
by the Himalayan rr^ks in Archaean times, they liave subjected In 
the mountain-building inovements of Tertiary^ times, being thereby 
sheared, overthnist and often inverted. They present therefore extremely 
complicattki struct tires ^vhich can be unravelled only by prolonged and 
careful study. 


BURMA 

The western |wl of Hurma consists of comparatively young strata 
ranging in age from Cretaceous to Tertiaiy". The older rocks—Archacatis, 
Palaeozoic and Mesozoic — occur in the belt which includes the Shan Plateau 
on the north and Ttnasseriin in the south, to which we shall now' direct 
our attention. 


MVITKYINA 

The northern end of this is the Myitkyina region where the occurrence 
of ortho-gneisses and schists of Archaean age is known. They extend 
northwards into the adjoining parts of China, 

MOGOK STOXE TRACT 

The Mogok tract, which lies l^tween the Itmwsiddy and the Shan. 
Plateau some distance north of 5landalay, is an exceedingly interesting area 
since it contains a variety of rock typis and yields several gemstones. 
The crystalline complex here, called the 5/cpgoit Series, consists of a gfoiip 
of gnetssesand schists of mixcHl origin—hiotite-gncisscs, cordicritc-gneisses, 
gamet-biotite-granuliU^s. gamet-rillimanite-schistSK cfy'stalline hmestones, 
calciphyTes, calc-granulites, quartzites, prymcne-scapolite-gtieisscs, etc. 
The gamet^illimanite-schists resemble the khondalites of the Easttiu 
Ghats. There is a gradatioi] from the cta^stalJine limestones to calciphvTts 
and calc-granulites^ and these arc tnterbanded and occur also ns inckisions 
in the later sntnisives. They are folded with the gTicisses and have a 
general strike of E. W N. and very' steep dips. The minends in the cab 
ciphyres and cak-granulites arc caicitc* dolomite, spinel, diopside, pldo- 
gopite, forsterite, scapobte, sphene and graphite. At their contact with 
acid in trust ves are found rocks containing diepside, feldspar, nephcline 
and calcite^ The excess alumina in the intnisivv and in the calcareous 
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TQcka has crystallised out as ruby, sapphire or ordiimiy corundum. The 
quartzites of this region apparently represent arenaceous hands associated 
with the calcareous sediments. 

The sedunantary and nietamoiphic series are intruded by syenites 
and granites and by a series of minor intrusicins Including basic and ultrabasic 
rocks. The syenites are founel mainly as sheets and lenses and have been 
Jnvolvetl in the folding of tht? region. They consist of dominant orthodase 
and mkroperthite with moonstone schiJiejr, some quartz, acgirinc, hypers- 
thcnc or titanangite. Iron-ore, zircon and apatite are the chief acci^isortes. 
There km also alkali rocks in close fissodation with the limestones ; indeed, 
the alkali rocks seem to be absent away from the calcoroous rocks. This 
lends support to the view that the alkali rocks and syenites are products 
of desilication of a granite by the limestone, in accordance with Ualy’s 
hypothesis of origin of alkali rocks. But, as the sy^enites are disturbed 
and folded, they may represent an earlier phase of granitic intnisk>n than 
the Kaboing granite. The Kabaing granite and associated pegmatites 
are unaffected by the folding, iho former often containing inclustons of 
limestones and other rocks in its peripheral portions. The Kahaing granite 
consists of abundant feldspar quartz, biotite and niinor accessories, the 
feldspars being frctjuently partly kaolinised. 

Closely associated with the calcareous rocks there are hornblendc- 
augite rocks, ainphibok-pyroxene-fcldspar rocks, hD^Tlblende-lleph^^hlle and 
acgirinc-nephelinc rocks and different types of nephelinc syenites, which 
-occur as dykes and sills. There are also ultrabosic types including peri- 
dotites, picrit^Sp liOiites and gamet-pyroxenc rocks resembling eclogites. 
Amongst these minor groups of intnisives are rocks cksely resembling 
intermediate and l>asic chamockites of India. 

A large variety of gemstones is found in this region, of w^hich the ruby 
js the b*^t known. Ruby mining has been caniii?d on here for many years 
and still continues. The other gemstones are sapphLre, colourless corun¬ 
dum, spinel, scapolitc, ai^titCp nephcliue, gametp peridot, lapis-lazuli^ 
zircon, topaz, tourmaline, beryl (aquamarine), rock crystal, amethyst and 
moonstone. 

The rock types of this area bear the impress of high grade rnetamor- 
phban and have a fy'pical Archaean aspect. All recent workers agree that 
the cry'stalline timestones and associated schists are rnotamorphosed sedi- 
mentarit^. Amongst the gneissic complex of this regbit there are, of 
course, igneous constituents of different ages. Some of the basic and 
ultiabasic intnisives and the Rabaing granite represent later inlrusivcav 

Dr. L.A.N. Iyer {Mtm. 82. 1953) who mapped a large part of the area, 
and Sir L. L. Fermor appear to regartl all the Mogok rocks ^ of Archaean 
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age. But Dr, E, L. G, Clegg has $u|^ested {Affm, 74, Pt. I, p. 9* 1941)^ 
that some of the rocks, and especiaJly the limestones, may be of a later agev 
The Afpgok limestones are said to be continuoiis with those further north 
and the limestones in the ajcond dehle of the Irrawaddy have been proved 
to be as young as the Cretaceous. 

SHAN STATES 

Between Mogok and the fossiliferous formations of the Northern 
Shan States there is an extensive area of the Archaean rocks, well developed 
in the Tawmg-Peng State an<l called the Tmvng Peng Sy.^iem by La Touche. 
This includes the biotitc-schists of .Mong Long, the Chaung Magyi Series 
and the Bawdw^in Volcanic Series^ Of these only the .Mong Long schists 
are probably definitely refembEe to the Archae-an, The biotite-schists 
are intruded by granites containing tourmaline and garnet and traversed 
by veins of quartz^ 

The Chaunfi^ Ma£yi Series overlies the Mong Long schists w'ith a 
transitional zone, ft consists of slaty shales, phyllites, rjuartzites, grey- 
wackes and also carbonaceDus slates. The series is dominantly argillaceous 
and non-caleareous and is developed in the hilly parts of the Shan Plateau, 
extending into the Southern Shan States and the Ysunethiti district on the 
one hand and into Northern Shan States and Vnnnan on the other. The 
Chaung l^Iagyls arc intruded by granite bosses and basic dykes, the former 
having produced contact alterations in the argillaci^ys rocks, 

TENASSERTM 

The Mergui Series.—In the >fergui. Tavoy and Amherst districts 
of Low^cr Burma there is developed a group of rocks called the Mergui 
It includes quartitites, conglomerates, limestones, atgilittes, grey- 
wackes and agglomerates, the argillites being sometimes carbonaceoujj, 
and also the most important by volume. The greyivackes and agglo¬ 
merates are next in importance and apparently repfesent pyToclastics. 
Dark and w^hite* fine-grained to saccharoidal limestones cjccur sparingly^ 
The series is intruded by granite W'hich has produced contact metamor- 
phism, with the development of homstones and schists containing biotite^ 
andaiusite, sitLIimnnite, garnet, etc. The rocks have a N.N,W.-S,S.K. 
strike parallel to the general trend of the mountains. Tliey are much 
disturbed and folde<l and are overlain by the Moulmein limestone which 
is regarded as of Permo-Carboniferous age. 

The age of the Mergui Series is in doubts some taking it to be Pre- 
Cambrian and others Upper Palaeozoic, In support of the latter view 
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is the fact that llae Moulmdn limestone lies conformably over them in 
some places. The Merfiii rocks are, however, entirely unfossiliferoiis. 

Another series of rocks, called the Tnungnyo occurs in the same 

region and. contains similar rock types. This series is said to overJie the 
Mergui Series, hot it is not always possible to dlstingiHsti the two and map 
them sepiirately. They may both be of the same age. 


CORRELATION OF THE BURStESE ROCKS 

The Chaung Magyis arc Pre-Cambrian in age. as they are oi'criam 
by the Bawdwin volcanics which inter%ojfie betw'een them and the grap- 
toJite-bearing Ordovician strata. In the present state of our knowledge 
it is not possible to say whether they arc Dhanvarian or Purana or both. 
They are QnfossiUferons and have suffered regional and contact 
metamorphism. 

There is e%'en greater uncertainty about the Meiguis, They are also 
unfossitiferous and much dtstnrbed and may be of any age older than the 
Permo^arboniferous. If they are Palaeozoic in age, we can find their 
parallel amidst the rocks of the Sub-Himalayan region. 

The gneisses and crystalline Limestones of the Mogok tract have a 
typical Archaean aspect. A suggestion has however been made that 
the limestones may belong to the J^bteau Limestone age or later but this 
can be proved only by connecting up this area Mith the neighbouring tracts 
by continuous mapping, 
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CHAPTER VI 


MINERAL RICHES OF THE ARCHAEANS 

The Dharwarian schists and some of the igneous tntnuivcs associated 
with them constitute the meet important mtnend-bearing formations of 
India, They contain a iaige variety of metallic otes, industrial minerals 
and rocks such as the gold lodes in Mysore, Madras, Hyderabad, Bihar 
and Orissa * the copper ores of Sikkim, Rajasthan, Bihar and Andhra ; 
manganese ores of Madhya Pradesh, Madhya Bharat, Bombay and the 
Eastcni Ghats ; the chromite of Bihar, Orissa and Mysore : the banded 
iron ores of Bihar, Orissa, Madhjn Pradesh, Mysore and Madras ; the 
lead'Zinc ores of Rajasthan and many non'metalUc mlnenils used as abrasives, 
refractories, ceramic materials, gems, building stones, etc. The occurrences 
of the chief minerals will be described briefly in the following pages. For 
more details the original papers published by lire Geological Survey of 
India, including the Quintjnennial Reviews of Mineral Production, may be 
consulted. 


METALLIC ORES 
ANTIMONY 

The antimony sulphide, stibnite, oocum in gneisses near the Shigri 
glacier in Lahaul' The deposit is said to he large enough for regular 
production but the locality is very inaccessible. The stibnite is associated 
with galena and blende and also some gold. 

Several small deposits of stibnite have been recorded in the Southern 
Shan States, in the Amherst district of Burma, in the Jhelum district of 
the Punjab, in the Jabalpur district of Madhya Pradesh and in Mysore 
State. The Burmese deports, however, belong to post-Archaean age, 

ARSENIC 

Minerals of arsenic occur sporadically in the mica belt of Hazaribagh 
and near Darjeeling. The orpiment deposits of Chitral in which good 
Veins of orpintent and realgar occur together, are in calcareous shales and 
marbles of Palaeoroic (?j age in close association with a bask intrusive. 
There are six indiridual occurrences of which four are on the same strike. 
They have been worked intermittently during the last four or five decades- 
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CHROMITH 

(Jliromite deposits arc found in various plac<js in India. Pakistan and 
liunna^ They occur in association with some types of ultiabosic rt^cks— 
duiiitcs^ soxonite, Iher/olitcs> pyroxenites, bron^ititos, norites, etc., mainly 
m the root zone of ancient niountriins. The chief deposits arc tliose of 
Keonjhan Cuttack and DhenkatiaJ In Oiissa ; near Chaibasa in Singh- 
bhunt : near Kondapaile in the Kristina district, Andhra ; Sittampundi 
4tnd Chalk I litis in Salem ; Shinduvalli and several other places in Southern 
Mysore ; Hatnagiri in Bombay^ These are all of Archaean age. 

Deposits of Cretaceous age are found at llindubagh near QucUa in 
Pakistan ; in Dras, Ejembat and Tashgam in Ladakh ; near Hanic in 
the Spiti valley ; in the Manipur hdls on the Manipur-Burma border • 
.and in the Araka'i Yomas and ^linbn district of Burma. Other deposits 
may l>e found in the Sutlej and Indus valleys in the Great and 

^long the Burma .Assam border. 

Chromite consists mainly of iron and chromium oxides but may also 
show varynng r)uantities of magnesium, ferric iron and aluminium. Those 
\rith a high chromium content are useful for making ferrochrome and 
srhromium chemicals while those with high magnesia and alumina are 
ojseful for rcfnictory purpose. 

COLUMBITE-TAI^TALITE 

These minerals are found In pegmatites traversing Arcliaean rocks 
in the Singor area in Gaya, at Pananoa hilJ of Monghyr^ In the KacUvur 
hills of Triclii nopoly and occasionally in the pegmatites of Nellorc and 
Rajasthan^ 


COPPER 

Copper ores are found in several localities—in the Siughbhum and 
Manbhum districts of Bihar, in the Rangpo area of Sikkim, in the Guntor 
and Xellorc districts of Andhra, In the Jabalpur district of M.P.i in the 
Chitaldrug district in M^^sore and a fe^' plaA?s in Garhwal and Almoia in 
U.P, and in some places in Nepal. The copper oreis of Khetri and Singhana 
in Jaipur, of Dariho and Kho in Alwar are probably of Delhi age, while 
those of Kumool (Gani) in Andhra are of Cuddapah age. 

Ores composerl of chalcopyrite, pyrrhotite and pentlanditc, together 
w'ith a few^ otiter minerals, occiu' as important lodes in the main shear zone 
in the Iron-ore Series of Singhbhum, extend.ing from Seratkcla and Kharsa- 
wan to the border of Mayurbhanj. They are thought to be related to the 
sheared soda-granophjTe which also occurs in the same zone. Some lodes 
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occur in the adjncenf country rooks such fts epidiorilc^ Thejf Arc noiA 

worked at Mosabonl where the average ore contains about I S per cent, 
copper and a little nickel. The mines have now reached a vertical depth 
ol 2,000 leet. The ore is smelted and refined locally, the annual output 
of copper being around 6,000 tons. Most of this is converted into brass 
for which there is a ready market in India. 

Copper ores octnir at Khotang, Dikehu and other places as lodes and 
stringers in the Daling schists which are intruded by the Sikkim gneiss,. 
The ores contain chalcopyrite, pjTrhotitc, galena and blende with small 
quantities of bismuth and antimony stdphides. The average grade is- 
rather poor but if all the lodes are dcv'elopcd they may be workable. 

CopjX't ores am also known tooccucin tlie I^haiW'arian schists at Agni* 
gundala in the Guntur district and at Gariinenapcnta in ihe Ndlore district 
of Andhra. The former has not yet been properly in^tsstigated while the 
latter decs not appear to hold promise. Some veins am found consisting 
of chalcopyrite, tetrahedrite, ^cna, pjTite, barite, quarta and caJeite 
in the Dharsvarion dolomites and schists near Slcemaiiabad in the Jabalpur 
district. Though they have been traced for 300 feet along the strike, 
they are poor in grade, the mineralised portion bebg 6 inches to 3 feet 
wide. Other occurrences, some of which have occasionally produced 
small quantities of ore, am :—Chota Udepur in Gujarat : Tamakhunr 
in Manbhum, Bihar ; Dhanpur. Pokhri and Askot in .\lmoni and Garhwal. 
All these rerprim to be prospected in detail, 

GOLD 

Kolar Gold Field.—The Kolar schist belt, in which thU gold field 
occurs, is 40 miles long and 3 to 4 miles broad. It is a tightly folded asym¬ 
metric synclinal of metamorphosed basic lavas, hornblendic schists, fer¬ 
ruginous quartzites and gneisses with a xoivc of auloclaslic conglomerate 
along the eastern border. The western limb of the sjTiclinat dips more 
steeply than tlie eastern. Them is a subsidiary anticline near the Champion 
lode. Both Champion Gneiss and Peninsular Gneiss occur in the belt, 
while the la^*as and homblende-schists am generally converted into amphi¬ 
bolites and diorilic gneisses w'hcre they arc invaded by granites. Tho 
Champion Gneiss has conformable relationship with the folded schists hut 
the Penin-sular Gneiss sliows discordant and intrusive relationship. Tlifire 
arc more than 30 Irides occHtring on the flank.s of the folds but only a few 
are economically workable. The lodes consist generally of quarts veins, 
either of blue or white quartz, often associated with pyritic and ferruginous 
materials. The Champion lode is Ihc best mineralised lode, as well as the 
most extensively worked, the other well known ones being the Oriental, 
Me. Taggart's and Balaghat. The general strike of the formations and of the 
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lodes is N.-S. The IckIcs dip westwards at about 50“ near the surface but 
when followed dow'ii gradually become steeper to SO' or uearly vertical 
at a depth of 7,000 to £,000 feet. They tend to converge togetlier in a 
southerly direction and to favour particular bthologicol horizons. They 
vary in thickness from a few inches to as much as 20 feet, the average 
being 5 to 4 feet. They Sometimes split up into stringors or bulge to a 
large thickness. The veins often show sharp folds or jjg-zags pitching to 
the north. The lodes are productive over a iengtli of about 5 miles, though 
they continue for some milts further to tho south, with poorer valuis, 

.\n the reefs contain quEirtz. tourmaline, albite, carbonate, brown 
oitca, epidote, graphite aiwi scheelite. The Champion reef is ver>' poor in 
sulphides but the Oriental and Me, Taggartlodes contain usuuUy 
about I to 2 percent, but occasionally up to 3 or 5 percents these iucluding 
pyrite, subordinate pyrrholite, clialcop^Titc, galena and aisenopyritc. 
Some telluride is found in the Oriental lode. 

Tlio llahghat Xorlh thrust-fault traverses the entire schist belt in a 
NAV,-S.E. direction ’ it has shifted the north-castem side slightly to the 
easL 'rhere are three major Liult systems in the field, the oldest trending 
N.X,W,-SkS,E, and the second group X.-S, and the youngest N,E^-S.W, 
3lineralisatioii is connected mainly with the X,N.W,-S.S.E, faults which 
seem to have been intermittently active, fmeturing the quartz vdns, and 
tendering them sorm^what fissile during mineralisation. ThO pcjst-minera- 
lisutiou faults have produced some offsetting of the veins. The veins are 
U'^iially sharply diderentiatcKl from the wall rocks^ The mineniiisatioo 
is considered to be mainly due to a process fissune-filling but metasomatism 
has also taken place, llie hydrothermal mineralisation process has been 
iitcompanicd by silicification„ format ion of epidotc from fcldspaCp titniute 
from llmenite, chlaritisation of fcmic minerals and bleaching of dark coloured 
r^cks, etc. 

The gold is generally not visible bt tlie ore to the naked eye. The ore 
is crushed in stamp miUs and ^vashctl into tanks containing fibre mats or 
blankets to recover the cesarse particles. The material is then treated 
witbsodiurntyanide which is passed through tanks containing rinc shavings 
which help to precipitate the gold. 

The chief mines are Champion. 5Iysore, Xundydroog, Ooregum and 
HLttLighat, but Ihc last ceased working some years ago. The aveirage grade 
■of ore at present worked contains more than 5*5 dwt. (pL*imy weights} per 
ton. The field used to produce between a half and one-third of a million 
-outices per year obtained from crusbiug about 700,000 tons of ore^ but in 
recent years the output has dropped to around. 0'2 million ounces. The 
total production from 1832 upto 1950 ^vas a little over 22 million ounces, 
valued at 131 millSon pounds sterling. 
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in V\xe extension of die Kolar Field to the south there are three mnjor 
fuldsaiid the mineralization is largely confined to the midilk fold. 

Waioad.—In the Wainad region of the Nilgiris district, numerous 
gold'bcariJig quarts lodes vi^ere opened up and in-^orked between 1880 and 
1900. Most of them are said to contain an average of less than three 
penny-weights pet ton. The lodes have a N.N.^V* strike, almost at right 
angles to the foliation of the country rocks which is N.E,-S,\\\ The country 
rock is hornblende or hiotite gneiss and the gold is associated with pyTitc 
and femiginoiis matter. 

Hyderabad.—Gold veins arc worked also in the Hatti Gold Fields 
in the Mask! hand of Dharwarian schists, in the Raichur district of tlydera- 
bad. They were worked between 1903 to 1920 pto<lticing a total of 
256,500 oz. ot gold rulued at £ 1.000,000. The mines have Ix^en reopened 
in recent years. 

Other areas. — In the Anantaptir district of .Vndhm, near Ramagiri, 
some quartz reefs were worked between I90B and 1924, prtxlucing a total 
of 156,700 ounces. V\'orkable lodes are alw said to exist in the Gadag band 
of Dharwar schists running through l>harwar and Sangli districts of 
Bombay ; in the Gooty tahik, Anantapur district, about 35 miles north 
of the Ramagiri mines. Other areas where gold-quartz veins are known 
are in Jashpur and Dhalblium in Bihar ; Gangpur, Bamra, Singhbhum^ 
Sambalpur. Koraput and other districts in Orissa, But none of these 
has yet showm the presence of reasonably good workable veins. 


IRON-ORE 

The Dhanvarian sc?dimcnts contain some of ihe richest and largest 
iron-ore deposits in the world. The ore bodies are associated with and 
derived from banded hematite-ciuartEitcs. The original rocks consist of 
alternating thin ribbons of quam. jasper, and hematite, from which the 
silica has been Icachetl out Ica^nrig rich ore borlies. At the surface the 
ores are massive, compact and rich, contasning 60 to 69 per cent. trbn. They 
grade partly into shaly and powdery ore^ whose composition is \'ariable. 
The largest concentration of deposits is in southern Singhbhiim and the 
adjoining Keonjhar and Bfitwi districts of Orissa, where the rocks form 
isoclinally folder! series. Other deposits occur iu Bastar, Chanda and Drug 
districts of Madhya Pradesh* in the Ratnagiri district of Bombay, and in 
Mysore, Madras and Andhra. When metamorphosed, these tkanded 
ferruginous quartzites have glvm rise to quartz-magnetite ores such as 
are developeti in Southern M>'Sore, Salem and Guntur* Many of the ore 
bodies occur on top of hill ranges and are of corLsiderable size, containing 
millions of tons. The total resources of Pre-Cambrian iron-ores of com- 
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p^irativ^ly liigh grade ,irv probabiy tif the order of 20.00Q millmn tom. 
The magnetite qurirtzites are of \mv grade containing ustially 15 to 40 per 
cent. iron, fmt they arc amenable to magnetite concentration. The banded 
bewatite-tpiartzitcs themselves contain 25 to 3D|)ercent, iron, and as they 
^MTCiipt' large nre^s. they shoukt antount to many thcimird millions of 
Torts, 

There are also some ore bidiej consisting of titanjferoiis magnetite 
(with some vanadinm or chromiiiin) associated with basic igneous intmsives 
traversing Dharwurian rocks, Such ores are found in E:istem Singhbhum, 
Itayurfjhanj and Southern Mmwe, They may contain a few million tons 
of ore. 


LKAD-ZINC ORES 

[)er>c»siLs of lead and siinc ores occur in Jaipur and Me war dislKcts 
of RajiiSthan, The deposits at Zawar {24'^2r : 71"'44VJ near Udaipur dty 
have been found to be extensive and of latge size. They occur as replace¬ 
ment veimi and figure fillings occupying fault and fracture zones in dolo¬ 
mites of Aravallj age associated with ph)'Ilite!» and ejnartzites. The rocks 
in the Mtxrhia Magra hltl dtp steeply towards the north white the lodes 
which traverse them have a steep southerly dip. In addition to massive 
Iode> and veins, there are fairly rich zones of di^m[nation in the 
dolomite, which may be workable. The ores consist mainly of a mixlure of 
galcniL and sphalerite [wdth a little silver sulphide and native silver) the 
pre?portion of which vniics greatly. It would appear that the ore is richer 
in lead in the upper horizons and in zinc in the low'cr horizons. The av'erage 
grade !s 2 to 4 per cent, of the combined metals but richer ores occur which 
can yield 10 to I5 per cent, of the iw^o metals together. There are three 
or four other hilts in the neighbourhood which are also similarly minera¬ 
lised, The de[Kisits are expected to contain extensive resources running 
intf> several million tons id rather low grade. 

There are also several small occurrence of lead-zinc ore veins in the 
schistose rocks of Bihar, and Madhya Pradrsh but none of ihem 

is of economically workable size* 

Lead ore {galena) occurs also as veins and disscminaiLons in the Cuddapah 
foimations of Cuddapah and tvumiKi] districts and some of these appear 
to been w^orked formerly, many ilucades ago* There are no indications 
of their being workable at present. 

5f.\XG,\NEb?:-ORE 

Manganese ores arc found in India in three types of association, liz* 
in rdetamorphosed mangantferous sediments, called ^03idtie£, in similar 
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sediidf^nts inliudKl hy i^ticous rocks called kmfuriks, and as lalcritic con- 
cent rations derived from Dha rwariati schists and phylUtcs. 

The gondite type of deposits is (enmd in Honibay, (Shivarajpur), 
Central India (Jliabna), Madhya Pradesh (ChhiiHl'^ara, Xagpur, Bhandarap 
Bataghat}. fmd Orissa (Gangptir}, The ores neenr as a iniNtnre t^f hraunite, 
psilomclanc and some pyrolnsite, associated iiviih and often dcfivct! from 
manganese garnet [spessartite} and other mang-anesc silicates like rhodonite^ 
hlanforditCp tvjnchite, etc. Other ore niineniLs found in these deposits ?ire 
vredenbuigitc {a mixture of jacol^site and haiLsnumile), sitaparite, pynolu- 
site, etc. The manganese uas deposited originally in the sediment as 
o.^ides but these were later rnetamorjilujswh tfie pure material forming 
oxide and mangauate ores and the ini purr nuiteriids giving rise to the 
silicatt^. Some of the silicates have since undergone aheration to oxide 
when the rocks were exposed at and near the surface. There are two 
imporlanl jiianganese horizons associated with the Lohangi and Mansar 
stages of the Satjsar Series, in Madhyn Pradesh, the latter Inxng the more 
important and sometimes attaining a thickin^ of 20 feet or inon' of solid 
manganesc-oro. Those manganea^b&irifig horizons form part of the 
sequence and are folded with the asstKiateii :Vrcliaean rocks. The Jialaghal- 
Nagpur belt contains the richest ores and the largest reserves in India, the 
mangant^ content of the ore excectiing 52 per cent, in some castes. 

The second type of deposits occurs mainly in the Eastern Ghats 
a5SOciat<Nl with gamet-sillLmanite-sehists iKhonilalitee) and cry'stalHnc 
limestones of Archaean age, intnided by granite, pr^Klucing a hybrid rock 
called kodtmff, which ordinarily consists of ejuartz, orthoclfi^e. garnet 
(^pessartite-an<lradite. contracted to spaiidite), manganese-pvTOXene and 
ai^atite. This t>-pe of ore is worktxt in a few places in the Ganjain, Koraput, 
ami VLsakhapatnam districts of Orissa and Andhra. \VhcTi alterecT the 
kodii i lie gives rise to lit homaigic clay and xvad. The ore botlics are getieralJy 
irregular and occasionally attain large dimensions as at <j'arbhani and 
Kodur, The ores consist of psiloinelane with some p^Tolnsite. braunite 
and niangan-mangctite. They are high in iron and phosphorus and are 
generally of second and thini gravies. 

The iateritoid deposits are fairly widely distrihutc^l in Mysore, ^iidur, 
Southern Bomh[iy. Singhbhnm, Keonjhar and Bonai and a few other 
areas. They are due to the concentraticHi nejir the surface, by meteoric 
^vatufs, of the 11^anganl‘^u^ con aim^ in the Dharwarian schists anti 
phyllitcs. The ores generally form ittcgular IxkIics confined to the zone 
of w^eat liering. The minerals found in these cues arc jteilonielmnv pyrohisitc, 
wad and limonite. They are high in iron and mostly of rather low gradt% 
though occasionally band^ consisting of pyrolnsite yield ver>^ rich ore* 
which is in ilrmaud for making dry-cell hatlerieft. 
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MOLYBDKNITE 

1 here is occatsionally a small prcxluctbn of moiybdciiitc from Tavoy^ 
I he mineral is known to occur in the Palni hiHs, in the (kidavari district, 
in ChoLa Xagpnr and in Kishetigiirlu Ocrasionally il also occurs in association 
with graphite €ie|>osits. Xo workable deposit lias so far come to light. 


MON,\ZITH 

This mineral, a phosphate cerium earthSn is prized mainly for its 
thorium contents It is a constituent of tlie beach sands ol Trav^ancore^ 
Madras, .\udhra nxtd Orissa but has been worked only in Travancore* 
1’he sands are tlerivetl from the pegmatites and gnciss^^ of Hie interior. 
Tlie mineral generally contains 7 to 10 per cent* thorium oxide (TkO^) 
and 0^3 per cent. uranJum oxide It was in demand in the earlier 

part of this century as a source of thorium which was used as thorium 
nitrate in the gas mantle industry, But the demand fell off in the twenties 
u^^-ing to the rapid development of electric iigHtitig. Now again it has 
assumed importance as a possible source of atomic energ)*. The cerium 
and rare earths are also utilised in the manufacture of alloys arwl chemicals. 


NICKEL AND COBALT 

The im^uicc of nickel in the copper ores of Bihar has already been 
mentioneil. Cobalt ores [cobaltite and danaite) are found as thin veins 
and disseminations in the Arai-alli schists and slates in the Khetri and 
Hnliai areas of ICajasthan, "Oic cobalt ores have been used for th^ manu¬ 
facture of a blue enamel employed in jewellery* Cobalt and nickel sul- 
l>Kide and sulpharsenide ores are known to occur and to ha\*c been worked 
near 1 aniga.^ in Western Nepal but no details are available regarding their 
geology- unrl reserves* 


TIN 

A few sniaU deposits of cassiterite arc found as thin veins and dissemi¬ 
nations in granite and pegmatite in the districts of Hazaribagh, Gaya and 
Kanciii in Bihar. None of them setm to be large enough for steady com- 
merdal exploitation, though some prr^specting was carried out at various 
times in some of these deposils. 

Tin ores occur in the Meqgui and Tavoy districts of Lower Hurma and 
also along the same granite Mi continuing to the north and south. The 
gmat majority of the deposits are now worked as eluvial gravels and 
weatbon'd materials over the granite outcrops. The granite is charnctmsed 
by the prt-^mce of tourmaline, topaz, lepidolite, etc. The tin-bearing 
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mitienil is ca^itcdte whidb is accompanied by wolfram, molybdenitep 
arscnopyritc, etq. The granite which gave rise to the deposits^ are, bow'ever, 
thought to he of Jurassic age. The cassiterite e? concent rated by dredging 
or by the use of water jets and gravel pumps. 


TITANIUM 

Titaniferons magnetite and ilinenite are of ooitvmon ocoirrencfi in 
many rocks, hut uorkahle deposits of ilmenite arc few, Hmenite is found 
n& small veins and aggregates in the mica pegmatites of Bihar and as veins 
associated with quarts veins traversing granite gneiss in Kishengarh and 
also in association with the wolfram wins of Degana in Rajasthan. There 
are some fairly important masses of titanifemns and vanadlferotis magnetites 
in South-east Singhbhum and the adjoinii^g parts of Ma^Tirbhanj associated 
with gabbros, anorthosites and ultrabasic rocks. They contain upto 
28 per cent, of TiO^ and 7 per cent, of Similar bodies have also Inecn 

noted tp be associatesf with the basic aiul ultrabasic rocks of the Xuggihalli 
schist bell of where they also contain some chromium. 

The nn>st important sources of titanium in India are the beach sands 
of Travancore, Katiuigiri in Bombay, the southern districts of ^ladras 
and of the Vishakapatnam and Orissa coast. The ifmenite is derivo<i from 
the garnettferoiis gneisses and chamockites of these regions. The beach 
sands of Travancorc arc often quite rich and are credited to ho!<i teserves 
of the order of 250 to 300 million tons. They are associated w itb moniutitf, 
rircon, gamet, mtile, sillimanite and other resistant mineralsv Some of 
the Travancore llmenite deposits contain over 62 per cent, of titanium 
dioxide ; while the others contain between 50 and 55 per cent. The 
beach deposits have been formed by the concentration^ by sea waves^ of 
the products of demulation of the country' rocks brought to the coast hy 
the numerous Streams an<l rivers draining the area, 

TUNGSThN 

Tungsten ores generally occur associative! with tin, the host rocks 
being either the granites or the country rucks immediately in contact 
with them. Small dc^xisits are kivown in India in the Bankura and Sitigh- 
bhum districts in 13engaJ aiKl Bihar, in the Nagpur district of Madhya 
Pradesh, and at Begana in Rajastliian, the last being of some importance. 
Here the wolfram occurs in quartz veins traversing Archaean granite and 
phyllite and in the weathered detrital matertEil derived from them. Tlie 
wolfram in the granite is associated vrith muscovite, ftnorite and sonn- 
pyrite and chaJcop^nitep and fonOi^ veins and stockworks. The deposits 
have been worked intermittently and are likely to contain a few^ thousand 
tons of the mineral. 
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Important deposits occur in the granite and pegmatite uf the Shan- 
Tenassotim belt of Burma where numerous mines have been^ and are 
being, worked. In some cases scheelite and. cassitcrite ^iccoinpaiiy the 
wolfram, as also subordinate amounts of aisenopjTite, molybdenite and 
bismiithinite. 


URANIUM 

Pitchblende and unmiurn'ochre have been recorded as occurring in 
the |>egTrLatite3 o( Gayu thoiigh no ^vorkablc dcpcKiits have yet been dis¬ 
covered^ Sporadic disseminations of uraninite, torbemite and uranium- 
ochre hsLw been recorded in the rocks of the shear xone in the copper belt 
of Singhbhnm. Other urantum-bcaring minerals like allanite, columbite- 
tantalite, samarskite. triplite, etc. arc occasionally found In pegmatites 
in \'arious [tarts of India, particularly those which have been worked in 
for mica in Bihar, Rajasthan, Andhra and Madras. Workable deposits of 
uranium-licaring minerals are however more likely to be found in minera¬ 
lized areas than in pegmatites. 


vanadium 

Vanadiferous titaniferons magnetite ore bodies occur associated with 
nltruhosic intrusives of South-east Singhbhum and Ma^iirbhanj. The 
deposits in Mayurbhanj are said to be of large size but ha^"c not yet been 
investigated in detail. The vanadium pentoxide content in the magnetite 
v'ajies from 1 to 7 per cent, the av'eroge being around U5 to 2 per cent. 

NON-MET.ALLIG MINERALS 
APATITE 

The only important deposits of apatite known in India are the apatite- 
magnetite rock occurring in the shear-rone of Smghbhum and Mayurbhan|. 
The mineral has been w'orked intermittently. The rock has to be crushed 
fairly fine in order to separate the apatite from the magnetite. Apatite is also 
a constituent of the kodurite rocks of the Eastern Ghats and to some extent 
of the pegmatites in various parts of India, but the separatioti and con¬ 
centration of the mineral from the associated rock woukl be rather diflvcult. 
because of the verj' small proportion of it in the rock, 

ASBESTOS 

Amphibole asbestos occurs In Ardiaeau rocks in various por^ of 
JndU—in the Hassan and Bangalore districts of Mysore State, in the SalcRfi 
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district of Madras, in the Seraikda ar^ja of Bihar^ and in Idar and Ajmer- 
MerA^ata in Rajasthan. The material is usnaLI^' associated with basic 
and ultrabasic rocks. The ibros are of poor strength and not fur 

making asbcstos-cloth, though they may be suitable for other ptirjx^ses. 

BKRYL 

Beryl deposits of some st^e have been vvorktxl in Me war. Jodhpur 
and Ajmer in Rajasthan. SmaU quantities of ber>1 occur in the pegmatites 
of Rajasthan, Bihar and .Andhra and other areas and in some years an 
output of 1,200 to 1,500 tons has been attained. The tienl crystals are 
mostly I to 6 inths long but, occasionally, huge crystals several feet long 
are found. The beryllium oxide content of the her^i varies between 9 and 
12 per cent. Because of its sporadk occurrence in (JcgmatitesH the mining 
of beryd for itself is generally uneconomicaL Most of the ontptit is therefore 
in conjunction with the mining of mica. 


BUlLDINtx AND ORNAMENTAL STONES 

The Archaean gneisses, granites, chamockites, slates. *[nartzitcs and 
crystalline Itmestones provide an inexhaustible storehouse of excellent 
stones for building and decoration. Gneisses and granites are widespread 
throughout the Archaean terrain. The banded gneisses and Biindelkhand 
Granite of Rajasthan, the \'ajijous gneissic rocks and granites of Madhya 
Rradesh, Bihar, Hyderabad, .Andhra, Mysore and Madras have provided 
excellent Stones for temples, forts, jialaces, bridges and other large structures 
as well as for local buUdiogs. The mins of the dty of Hampi, w Inch was 
the capital of Vjjayanagar kingdom, a few miles from Hospet, contains 
many old structures huilt of the excellent grey and pink gneisses found 
in the ncighlK>urhoo<L The chamocldtcs of !^!adras. M 3 'Sorc and .Andhra 
are amongst the strongest and most durable stones found anywhere in the 
world. These and the granites of South India have liccn tested and found 
superior to some of the famous granites of the British Isles and have I wn 
used in harbour construction in Bombay and Madras. The temples aiitl 
the architectural monuments of Mahabaiiptitam near ,Madras have lietn 
hcvrn out of solid chamockitE^ Jn many places in Madras arid Hyderabad 
the granites are capable of yielding beams^ piUoi^ and slabs, the last 25 t^i 
3ft ft. long and 15 to 30 ft. wide. Such material has been extensively 
for pillars, beams and flooring and raohng stabs in many great buildings, 
particularly temples and palaces in the south* Pink, white and light grey 
granites and finely banded gneisses of Archaean age in Rajasthan iire 
extetisivcly quarried in Jodhpur, Mowar, fdar, Ajmer and other areas hir 
local use. The granites and gneisses of other parts of India such as Kanchi, 
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[[Li2;uritKighp and nthirr di^lrkis of Bihar ; of Sambalpur and neigh- 
lw>iiring rcgioi^*; of Orissa ; of l^alaghal, Bhandara and Chliindwara in 
Madhya Pradesh—these have all liecn itscuJ in imtMrlant Incal building 
fTtim time immemorial* 

[ ht: khondalites of lliv Kastern Ghats are not (larticukurly durable 
iStont'S as they weather into a sandy rock and gave rise to red and brown 
sirenks and patches in a huff gfoniid-inass. Vet they have hettm used ex¬ 
tensively in many buildings and temples In Andhra and Ori^, for instance 
in the Pnri and Konurak temples, Jlost of the finest statues in the KonErrak 
and HhuvanesliWEir temples have btsen tarved out of the khondalites but 
many of them have weathered nither badly and show' unsightly sjKits and 
streaks and haw developed irregular surfaces. 

Talc and talc-chlorite schtsU are maiiily ti5ed for carv ing doorposts, 
windows and statues etc,, as they are suitable for delicate carving and 
stand weathering exceedingly well. The slalues of the Sun God in the 
Konarak temple (l3th century A,U.) havti been made ol such rocks and 
they have presented the vxquisjte delicacy and buatity of the original 
finish remarkably W'ell cv^n after seven centuries of neglect since they were 
made. 

Tl>e crystalline limestones and marbles of Rajasthan have been ex¬ 
tensively used in that region as building and ornamental stones. The 
Raiali> marbles are worked at Haialo and other places in Alwar and Jaipur: 
at Kiijnagar, Natlidwani and KankroU in Mew ar : and Makmna in Jodhpur, 
The usual type of Makrana marble is white with vague cloudy streaks and 
patches of grey, but white marbles are also avaibblc, flic quairiea in 
Mewar yield alw pink, salmon and grey coloured marbles, UTiitc sachcha- 
roidal Kaialo marble is workctl in jbiri* Kho and tkildeogarh in Alwaf, 
The Kharwa stone is of beautiful pink and green colours. The MEtkrana 
marble has been used in the Taj Mahal at Agra and some of the famous 
mosques in Agra. Jind Delhi, in tlie Victoria Memorial at Calcutta and in 
many buildings in Rajasthan. D.P, and Punjab, Several fine marbles 
of Archaean age an? worked in Madhya Pradesh., Amongst these may be 
mentiont'd the ntarble rocks of Jalialpur, the white marbles of Belul. 
and the various coloured marbles of Narsinghpur. Clihindwata and Nagpur 
districts. The Motipura marble In Barada is a green serpentinous marble 
mottled w ith rose and pink which has b^n used for archUectuml purposes 
in Fiarckbi and the neighbouring areas in Gujarat, A hard limestone of 
varying colours occurs at Sandara in Barotla, w'hile dolorultic and ser- 
pentinaus marbles are found in Dharw’ar and Idar districts. Excellent 
stones of various colours are also found in VisikJiapatnam. Coimbatore 
and Madura in Madras, in Chitaldmgand My^re in Mysore and in Koraput 
and Gangpur in Ortssa, 
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Tho Ar^vallJs contain good limestones and flagston^.^. The limestone 
worked at Umrar in Bundi is ^rey. massive, flaggy :ind capable ai taking 
a good polish and also of being canned for architectunil purposes, (kiod 
flagstones are i^uarrieif at Raghunathgarh in Jaipur anti at Datunda in 
Bundi, for use as paving aiKl building stones^ Well cIcav^Ki but not vt^y 
fine slaty rocks are forked in Ajmer and used for roofing and paving 
purposes. Well cleave<l Aravalll slates are worki'd in Ajmer^ 


ClAYS 

As the .Xrchaean and Pre-r^tnbri.in toeks are generally strongly meta¬ 
morphosed and they do not > wid cl^ys except where they are highly wr atbert'ti 
in Outcrops, Some feldspathic gneissi^ and granites in M^’SorUp 'rravancore, 
Malabar, Kanara and South Arcot in the south p and similar rocks in Siiigh- 
bhum and Manbhtiin in Hihar and sofne parts of CN-issa have given idse 
to good china clay^ The gneisses of Salem, Malahar and Tra\ancore- 
Cochin and the khondalitcs of the Eastern Ghats have given rise to hanxitic 
clays. 


CORUNDUM 

This mineral occurs as a constituent of ultnibask rocks, syenites and 
highly metamorphosfxi aluminous sediments. It is found in the anorthite- 
g;ieiss of Sithaminmdi in the Salem district ; in the gabbroid and asso^ 
dated uLtrabasics of southern Mysore ’ in the cortindiun-syenites of the 
northern part of Salem * in the South Kanara district in Madras ; in 
Anantapur in .Andhra and neighbouring districts of Mysore and in an 
area in H^xierabad adjoining the Godavari gorge, rortindum id a coh- 
stituent also of the sillimanitc^hists in the Khasi hills, and of similar 
rocks in the Pipnt are^i of Rewa and in the Bhandara district of Madhya 
Pradesh, 


FELDSPAR 

The mica p«^'matites in various parts of India contain large c|uantjties 
of potash and soda feldstwx, much of it being oligoelase with perthitic 
structure and microdine, Orthoclase occurs as a constituent of non- 
mica-bearing pegmatites and as veins in gnmite and gneisses. The bluish 
green v^aricty of microcline called amazi^niie h found in a few of the mica 
mines of Nellore and Bihar, Potash-soda feldspar is worked generally 
in conjunction with mica in several States for meeting the dematid from the 
ceramic industries. 

Highly sodic feldspar and nepheline are found in the nepheline [anil 
sodatite) syenites and associated pegmatites in the Coimbatore district 
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of Madras, in the Eastern Ghats of Koniiput and Visakliapatnam a ini in 
Kishcngarf) and Jaipur in Rajasthan, They may become useful for the 
ceramic industries in future. 


GEMSTONES 

A large number of precious and semi-prccioua stones are foiiml in 
the Archaean rocks : tnoonstonc, Jtreon, topaz, garnet and other gemstones 
from Ceylon ; niby and sapphire, spiiwl, garnet, scapolite, lapis ImuH, 
olivine, tourmaline, zircon, topaz and moonstone from the Mogok Stone 
Tract in Burma t sapphire from the Ladakh region of Kashmir ^ aquama¬ 
rine from Kishengarh in Kajasthan, Kashmir and Madras : chrysoberj'1 
from Coimbatore in Madras and Kishengarh in Kaj^than ; garnet from 
Kishengarh, Jaipur and Mentir in Rajasthan. Neltore in Andhra, Tmiicv'elly 
and South Kanara in Madras, and several other places in other parts of fndiu, 
tourmaline from the Shan States. Nepal and Kashmir ; rock crystals from 
various parts of India, Emeralds are found in hiotile and amphibole-schists 
associated with ultrabasie rocks and intmded by pegmatite, at Kalignmaii 
and a few other places in Mewar and Ajmer. 


GRAPHITE 

Workable deposits of graphite occur in the khondalite and associated 
mcisses of Kalahandi, Botangir, Ganjam and Korapol in Orissa, and in the 
Visakhapatnam and Godavari districts of Andhra, Some deposits ate also 
known in Travanwra, in the Timicvelly district of Madras and in the Waran- 
gal district of Hyderabad State. In some cases good pockets occur m peg¬ 
matites. Graphitic schists arc known tff form part of the Archaean succes¬ 
sion in several areas in India but they are too poor in graphite content arvi 
too finely and intimately mized with the other constituents to be workable 
as sources of graphite. Some have been used as cheap iKimt malcrtals, 

KYANITE AND STLLlMANlTE 

Though sillimanite is widely distributed ns a constituent of ctjlain 
Archaean schists and gneisses, workable dejmsits occur only in the Khrc^ 
hills of Assam, in the Pipra area in Rewa, and m the Bhaml^ district 
of Madhya Pradesh. The siliimanite content of the Khondalite is genei^ > 
not rich enough for being eftmomically exploitable. The Khasi hdb 
deposit are in the form of massive silUmanlte borlifs asaKiatt^d with 
gneisses of the Shillong Series. The siliimanite does not change much m 
volume after tiring at I iOO —IMIOX.. when it is changesl to mullitc and givrt 
excellent serv ice when employed as linings to tanks us«l for glass making. 


174 


GEOLCKiV OF IN’DtA ANO J!E.rKMA 


fCHAP^^ 

Kyanitc rather more Vj-idesprcad itiati sillimanite and is found ir> 
gneisses as v^'efl as in assruciation viith vems CDritaiiiing tjuarlz. The best 
known occurrences are thfhsc of Lapsa Bum and a few other plaoes in mica- 
schists and bombicnde-schists close to the shear iono of Sin^jhbhiinir The 
Lapsa Bum deposits have produced 20.000 to 30.000 tons iH?r year over a 
pMfrifid of years. Other deposits occur in 3fadhya T^desli, Kajustharv 
Andhra and Mysore and are Jx'itng worked. In contrast with silltmaniter 
kyanite shows much shrinkage when calcined. It is, therefore, crushed ^ 
calcined to change it to mullite, bonded with fireclaVp bauxite or {Jther 
suitable material, and made into refractor}' matenals. 

MAGNESITE 

The ultiabasic rocks in the Salem district of Madras and the If assart 
and Mysore districts of .Mysore have, in some places, been altered to 
magnesite. The magnesite has probably been doris^ed from the action 
of magmatic waters containing carboii-cUoxide on the magnesia-rich uf- 
trabasics. The best known occurrences arc those of the Chalk hilb near 
Siiicm and of Kadakola in Jil^soro which arc under active exploitation. 
Tlie reserves of these deposits are probably of the order of SO to ItK) tnillk>ii 
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MfCA 

Both muscovite and phlogopite occur In coniniencially w'orkabje 
deposits in India but the muscovite deposits are by far the most important. 
Indeed India is one of the chief sources of block mica aivd split tings in tlie 
w^cirld. 

The chief muscovite occurrences are those of the mica belt of Jiihar, 
Hajasthan and Andhra but there are a niimk^r of other occmrences in¬ 
different districts containing Archaean gnieiss. The Bihar mica bdt 
tniver^ the districts of Haxaribagh, Ga}^ and Monghyx^ being about 
60 miJslongand 12 miles wide* The pegmatites are probably related to the 
Chota N&gpur granite gneiss. They traverse the planes of schistosity 
and joints of the mica-schists of the region and arc found to be productive 
only when they are in the mica-schists and not in the homblcnde-schists 
or granite. The explanation seems to be that the residual liquids froni 
granites, which ultimately ct^-staliised to form the pegmatites, absorbed 
some of the mica-scbists and produced the coarse mica cry^staJs. The 
Larger pegmatites are up to 2,000 feet long. They have a quarta: 
the mica ^eefs being found along one or both of their contacts with the 
country rocks. Tlic feldspars in the productive pegmatites are oltgocla^ 
and mkrrocline, but when orthocLase occurs there is practicnlJy no commerdal 
mica. The mica is generally of the quality known to the trade as ' mb}’' 
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nika' as it has a coppery red colour in thick sheets. The o^cr miners 
found in the pegmatites arc garnet, tounnaline, beryl, columbitc. tantalitc. 
ollanite, triplite, etc. 

In Rajasthan, mica-pegmatites occur in Jaipur, Ajnusr-MenvM 
and Wewar, the Bhilwrira region of Mewar being the richest. The mica 
is goicraltv colourless, but light ruby and light green varieties are a so 
obtained. In some cases the pegmatites have prwliiced laigc quantities 

■of beryl. 

In the Ndlore district of Andhra a large number of pegmatites occm 
in a belt some 40 iml« long and 8 mil® wide. Tl.e muscovite is gently 
of a light grtcnish colour, though the light ruby vanety h also obtained 
from a few mines. Similar hut comparatiwly small occurt^ca 
are found in many districts in Madras, Mysore, Andhra, Onssa, Bi ar, 
Madh^u Pradesh and Rajasthan. 

’ 11 K> only occurrences of phlognpite in India are tho« of TravTincore 
where there are small deposits near Neyyoor in Tra\-an^re, and 

near Punalur in the Western Ghats in east-central Tnivancore. pe tw^ 
.occum in association u-ith basic pegmatites traversing pyroxen^^ks^ 
t:ompaicd to muscovite, the phlogopite sheets are small m siw and generally 
^>f a deep amber oolour. 

Therv are also a few occurrences of a semi-phlogopite m^ 
h:is been named Matuidmti) in Ttavancore, in the Tm^veUy district 
of Madras and in the VLsakhapatn,im*Gan)am hill tracts. The nuea is o 
a pale j'’elh>w colour. 

STliATlTE 

Steatite and talc-schists are widdy distributed 
rocks Detmsius are found in the Jabalpur .Ustnet of ^ 

rife TaipTstate of Rajasthan, in the Singhbhum dbtnct o Bihar m the 
dlf diS; Bombay in the Bellaiy- dist. of Mysore m the Nel nre 
Irtar dKtnci ^ district of Madras, and several other 

SlSio,; J,d in .h. co,^« Wnnh,- «hiln .l.n .mpnrc .nlc.«h».n n.n 

used in making stone utensils, for carverl work, etc, 
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CHAFFER VJ r 

THE CL'DDAPAH (KADAPA) SYSTEM 

littroduction 

As already remarked, the close of the DJianvar era was marked by 
nn intense play of oitigenic forces which foltletl the older rocks and bj 
intrusions of gninilic rocks on ii large scale, rtiia was followed by a pro¬ 
longed period of dctiudalion which is universally marked by a profound 
unconformity or discordance known as the Kpimhaean uwonjarmity. Though 
there have Ijcen later disturbances in the I’eiriusula which aliccted the , 
t'udcbfiah rodts, they were companitively mild except in Rajasthan where 
the Delhi Sj-stem of" rocks ocenrrirg in the Aruvalli mountariB were sub- 
j«ted to intense folding and metamorphism. 

The Archaean era was followed by the l*uru(ia era during which the 
e tiddapah and \'indhya Ss-stems twhich corrfsiwnd roughly writb the 
Algonkian and part of tlte fambrian) were deptBlteil in various parts of 
the Peninsula. Of these two, the ruddapah Ss-stem has been subjected 
to more intense folding movements than the otlier, but the Peninsula had 
already attained a great deal of stability so that the Puratra rocks as a 
whole wen* affected only along restrictetl belts. Both these systems are 
practically unfossiliferoiis though they comprise considerable thickiresses 
^Jf rocks eminently suitable for presenvition of fossils. 

The rocks of the Cuddapah Sj-stein iire found to rest on the denuded 
aihd upturned edges of the earlier fonnations, namely the gneisses and 
Dbanvara, The two major grouijs of outcrops of this sjstem, one in the 
Andhra State and the other in Orissa and Madhya Pradesh, have roughly 
^a mi-circular or crescentic outlines, (though the latter group consists mainly 
-n\ isolate*! patchcsl the concave side in Iwth cases Iwing towards the east 
mid showing much disturbance in the shape of folding, crushing and over¬ 
turning of the outcrops. The concave margins arc, at least in part, faultc*! 
against the gneisses to their east. In Iwth cases, the rcKbs away from the 
cuncave margin are little disttirfied an<l show nearly horijumtal or gently 
undulating dips. The Cuddapah basin of Andhra forms a compact area 
w herciLs the basin in Orissa and Madhya Pradesh fonns a sertes of outcrops 
spljurated by more ancient rocks bccaust^ (hey have been Lsolated and 
broken up into patches by the denudation itnd rtnmval. Rocks roughly 
equivalent to the Cuddapohs form the iX'lhi System in Rajasthan where 
they occur mainly along the Aravalli mountain a.vis, forming a great 
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The rocks of this age contain iimtstoncs, doloniitefi and thin-bedded 
shales which arc eminently suit^ for the preserv ation of fossils, as in most 
of the areas they have scarcely been disturbed or subjected to any but the 
slightest metamorphism. But alf that has been found so far are merety 
n few markings on weathered surfaces w^hjjch have a vague resemblance 
to Algal structures (M. K. Srcetiivasa Rao, XII. 


THE CUHDAPAH BASIX, ANDHRA 



The Cuddapah Sj^teni was studied by W. King hi Cuddapah, KurruSr 
and adjoining districts of tlie present .\ndhra State (Mm. VllI, 1ST2|. 
This large basin occupies an area of .13,5Q(I S([, miles^ It has a crescentic 
shape, its concave side facing the east anti l*emg about 210 miles long 
^tw'een the Singareni coalfield of Hyderabad in the north and the Nagari 
hills not far from Madras in the south, Thf?- nta,\lniuni width of the basin is 
a UtUc over 90 miles. The greater part of the crescent is tjccupied by the 
rocks of the Cuddapah S^Tstem hnt the north-western md northern parts, 
which are generally low lying, arc overlain by the rocks of the Kumoot 
Sj-stem^ The northern tract in the Krishna and Guntur districts and the 
adjoining jiart of Hyderabad is known as Palnat l. The eastern margin 
of the biisin shows sleep folding and its northern half is saifl to show a everser 
fault and inversion of beds. The eastern half of the crescent shows evi¬ 
dences of some folding and slight metamorphLsm which ha^’e crushed the 
qiiarts^itcs ind imparted slaty cleavage to the ajpllaceous strata ; but in 
the wt^steni luklf the rocks lie horizontally on the gneisses of the w estem 
margin. The disturbance along the eastern margin may pThaps be due 
to the rejuvenation of the Kasteim fihats in post^uddapah hut pre^Gond- 
wana times. 

The strutigraphical succession in the Ciidcla|iah S>'steiii workttl out 
by King is shown in Table 18. 

Tablb tS — T he CroDAPAH SvstEai 

Kumocil SyslPin Vahuilt Sc^mfintari^ RocM 


Kistna Setirs 
[1000 feet) 



Unconforfoity 


NallanuLfiii Series 
[J,4O0 £«t} 


{ Curnhtiin Shales 

Chtart jitr« 


L'ccocltmiiiiy 


Clwyair (CI?c>7T!ru) 
(10,500 feet} 


{ Todpatfi (Pulloinpct) Shales 
tVUveneUa (Kagari} Quartzit 


Quartzit« 


Uacutifonnity 




AlchM*lJ—*Cneis&« aad iclllsts 
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tlach of the major c1ivis!0iv> or scries of the Cuddapah System is ntarkiHl 
hi' an unconfonnity but the largest is said to Iw that which occurs at the 
base of the Nalbmalai Series, Each stories overlaps the previous ones 
while the topmost or Kisttia Scries overlaps all of them on to the gneiss. 
The actual extent of the different st'iics is not the same, probably because 
the shape and depth of the hiisin varied from time to time. The sediments 

to have been derived mainly from the west and south-t^est hut there 
are not enough data to say whether it was so throughout the whole of the 
Cudfb]»ah eta. ft is also to tw noticctl that each serie,s begins with a 
<r|iinrti’,ite and is later followed by slates and limestones .indicating that 
at the beginning of each series tin- basin of deposition became shaUow .and 
gradually became dee|)er, 

Papaghni Series.—The lotiest series is namwl alter tbe Papaghiii 
river, a tributary' of the I'enner. It is found only in the west. It in¬ 
sists of two stages, the lower one Iwing (hilchfrn (Giivvatacheruvu) .Stoge 
consisting of conglomeratrs, grits and sandston^-s, resting unconfomiatily 
on the Archaean basement. These sandstones present a fine scarp on the 
sputhent margin of the basin, south of Cutldapah. The suidstoncs arc 
geiictally tiuartzitic and contain pebbles of jasiwr and of vein ipiarta derived 
from the Dharwaritins. The sandstones become f'D'''' “ are'foJIowtHi 
from to eilSt. 

The upfwr stage of this .series is the aitfipaUi) 

It consists mainly of fine grainet! flaggy micaceotts limestone with bands 
and nc^its of chert and chalcedony, with subrjnlinate shales. The lime¬ 
stones are grey coloured, weathering to buff. Ibe weathered surfaces 
<xcasionally show what may be intenireted as algal structures. They 
show intrusive trap sills in the upper port km, along the contacts of w-hich 
chrysotile asbestos has been deielopcd in some places. The trap is also 
considered to Iw responsible for tile deposition of barytes which occurs 
mainly in the limi^tone and sometimes near the contact of the trap. They 
are considererl to have been intruded during the X.^lamalai times or probably 
even somewhat Later, 

Cheyair Series.—This series, named after the Chcyyt-m river, is well 
developed in two areis, the north-western one in the I’enner valley and the 
south-eastern in the Chcyyerii valley, In the north-western area the 
lower dii-ision is the PMUvindla Stage consisting of iiu-artzites, conglonierates, 
sandlstoues and flags, the lower beds often showing ripple marks. The 
pebbles and conglomerates are to some extent ilerit'tid from the chert bands 
of the Vempalles. Their equivTilenls in the southern area are the Nagari 
i^iiarkUis which rest directly on the gneisses and fomv the hills of Nagari, 
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KuLiliJiSii iimi Timpati. At Kalahsisti, qh the eastern Tnar]giii« the quart¬ 
zites lire much crushed and apparently faulted^ 

MAP VI 



The upper in the north'Westem arra is ihft Tddpain con^ 
sitting of slaty shales with thin beds of silicccms lirncstoiw, chert, jasper 
and intrusive basic sAis, This sta^c is well expiuscd in the Pcnnar and 
Krishna vallcysL The shales an- soft and not u-ell dea\'ed anci have a 
tendency to break into long thin figments. Their etjuivaicnts in the 
southern area arc t he Pitlfam pei S haits whipch also contain ^fime limestone 
barH:ls. 
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Naltamiiltil Serl«a.—TliiJSe occupy the largest area of any of the 
sub-divisions of itic Cudctapalis and take their name from the Nallamalai 
hills. Tbev are particularly well developed in the eastern |»art of the 
Cuddapah basin. The lower beds am the Bairenkonda Quartaittn which 
rest with a slight unconformity on Chej-airs, They are highly folded and 
contorted in the NaUamalai hills, the succcttlitig Ciminmi Skates forming 
the cores of stmclinal folds, The Cumbum Shales comprise shales awl 
sktes of varying shades of colour and degrees of hardness, intcrcalaled 
with thin bands of quartzite and ILtnestone, Quite well cleaved slates of 
this foTmation are worked near hlarkapur and Cumbum in the Kumool 
district. The quartzite bands are thin-befldcd and fine grained and 
are suitable for use as sharpening stones, /\t places the slates have been 
converted into phyllites, while there are also softer varieties W'hich are 
more shaly though cleaved. The limestone bonds arc grey, finely ciyslalline 
and sometimes micaceous. The lead ores of Nandialampct north of Cudda- 
pah are found in these limestones, 

Klstnu (Krishna) Series.—These lie unconformably on the NalU- 
maluis and are the plateau overlooking the. Krishna river towards 

the north. Tliey lie over the gneisses or dip under the Kumools of the 
Palnad tract. The lower betls, called Iriakanda Quartzites, form a plateau. 
The Kolamnala Shales which form the middle division are found in the 
vallev of the stream of that name. The topmost stage is the Srhatlam 
Quartzites forming the plateau on the itort li and named after the well known 
Srisailam temple on the Krishna river. 


IGNEOUS KOCKS IN THE CUDDAPAHS 

The Vempalle limestone belt has been intrutied by sills of basic igneous 
rocks in miiny places, the sills varying in thickness from a few feet to a few 
hundred feet. They are generally doleritic and basaltic in composition, 
occasionally showing chilled margins. The sills may sometimes 
split and again coalesce but in general they maintain their thickness and 
horizon for long distances. Some of the sills are of the nature of quartz- 
dolcrite as they contain a fair amount of silica or granophyric inclusions. 
There are also a few obvinc-beariog types. The.clucf minerals are plagio- 
and augitc showing ophitic, intergranular and intersertal textures, 
Biotitc, hornblende, magnetite, apatite and pyrite a.s well as occasionally 
a little micro-pegmatite arc present. The rocks are similar to the Newer 
Ikjlcrites of Singhbhuni and Keonjhar and differ from the Deccan Traps 
in containing no pigeonite. They appear to belong to the tholeiite type 
and diow a differentiation trend similar to that of the calc-alkaline suite 
of rocks (Vemlwi, 1946). 
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KA1.ADG1 SERIES 

Between Kiitidgi and Belgamn in southern Bombay are exposed a 
group of formations Ijcaring resemblaace to the Cuddapahs, They show 
little or no metanicir|)hu<im. They are divisible into a lower and upper 
scries. The Lower Kaladgis lie witli a profound unconformity on the 
gneisses. The KaJadgi basin is over 160 miles long from east to west and 
in many plan's is covered by the Deccan Trap, amidst which several 
inliers appcE^. 'ITie Lower Kaladgis comprists basal congfomeratei and 
■quarlaites with biindccl jasper pebbles, cherty siliceous limestones, shales 
and more limestones. The cherty limestones bear much resemblance 
to the V’einpalle Stage of the Ciiddapahs. The lower quartaites are well 
exposed at Gokak, over which the Goliak falls drop to a depth of 130 feet. 
The MaJprabha river has cut a gorge tlirough these rocks, 300 feet deep and 
only 50 jTirds broad at the narrovi'est part. The limestones are well seen 
near Kaladgi, being of different colours and capable of yielding fine orna¬ 
mental stones.' The Lower KaladgLs have a total thickness of nearly 
11,000 feet. 


t-pper 
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6. ShiJn, liniQsEoEires^ hfmjltite-Bdlitti 
5- Quurtiitira, conglDm^ratri 
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% ^^dstoDH and chides 
2- Silkcotw limcftontihi homitoncs 
_ t r Quartidlni, sandstones, conglofncnilt^ 
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The Upper Kaladgii. cortsistini^ of qu^Lrlzitcs, coiiglom^Tat^^. 
limestones and henfiatite-schistij, arc about 3,500 feet tliick, the hematite- 
schists being sometunes rich enough to be used as iron-om The Upper 
Kaladgis arc of A^rkted distrihutiunp being found in synclinal folds in 
the north-eastern |3art of the area, the axis of folding having a trend oi 
\V,N.W,—IvJ 5.K_ This dinsetion is at right angles to the axis of folding 
of theCucUlapah basin. 

The Kaladgis are k-nown to be intmded by granitic anil basic rocks 
in a few places. Dr- L.A.N. Iyer foimd that the granites have altered 
the Kala<^is to t^-pical bbtite and gamet-bcarijig graniiNtes and mica' 
schists in the contact zone in the Eatnagiri district. This regbn also 
contains dolerite, gabtiro, pkrite and serpentine-chroinite nock a.s intnisions, 
mainly in the rocks of .-Vrehaean age. 


THE PAKHAL SERIES 

A large tract of rocks, presumably of Cuddapah age, extends tip the 
Godavari valley in H>^crabad Id a NAV,-S,E, direction. This is divided 
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into two by a band of j’oiinger nocks. (ScUavais) lying in their middle with 
the same strike. The rocks ane crushed and altered at their souUi-eastem 
end in (he Singareni area, and ane folded rather sharply anound the north¬ 
eastern margins of each of the outcrops. The south-weateni outcrop 
which forms the Pakhal hills diows the beds dipping towards the north¬ 
east. The rocks are divided into two stages, the lower being the Pakhal 
Stage and the upper the Atbaka SU^e. The brst occupies the greater 
part of the south-westent outcrop while the second fanns the north-eastern 
outcrop. Each of the stages is about 5,000 feet thick. The Pakhal Stag^ 
coinpri 54 fS basal conglomerate resting on the gneisses, overlain by siliceous 
limestones and thick slates. The slates are not well cleaved but arc flaggy, 
except ill the mrlh-east. The limestones have been metamorphosed to- 
a trcmolitic marble. The Albaka Stage comprises sandstones and quart- 
aitts with a few state bands. 

The Pakhal Series were regarded by King [Afewi, XVlll, p. 209, ISfiO), 
as the equivalents of the Cuddapahs. According to Dr, Malndevarr 
(1949) the crystalline limestones, banded ferruginous rocks and the 
schistose rocks of this serifs recall the Archaean succession in Sirrglibbum 
and Gangpur. The rocks have been intruded into by granites which have 
formed composite gneisses as well as hybrid types. The phylhtes ha^o 
been converted into andaliisite-niica schists and garnet-kyanite-staurolite 
mica-schists. Copper mineralisation is found in the Singareni area, as 
indicatcii by old workings. P^atites and quarU veins traverse the 
Ihikhals. .Ml these go to prove their Dharwarian age. in the opinion of 
Dr, Mahadevan, 


PENG.\NGA BEDS 
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Rocks similar to the Pakhals, comprising a lower limestone group 
and upper shaly group, occur in the Pranhita valley to the west of the 
Waidha valley coalfield. The rocks are undisturbed and the limeston^ 
arc said to contain hands of ribbon-jasper. These rocks generally He 
directly over the gneisses but in Adilabad district of Hyderabad they are 
said to show basal quartzites. 


CUDDAPAHS OF ORISSA 

Some areas of Cuddapah rocks occur in Jeyporc and Bastar which 
must originally hare extended as one large area probably continuous with 
the occurrence in the Chhatisgarh area of Madhya Pradesh. 

The rocks in Jcyport and Bastar strike approximately east to west 
and include conglomerates, quartzites, hematite-quartzites, calcareous 
homstones. slates and limestones, The pebbles in the conglomerates 
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h^ve a iDatjix of mico^^us sctiist and it is likdy that the conglomerates 
have been sheared to some extent Tlie limestones which occur ui the 
upper horiKon include materials uf Lithographic quality whUc other bands 
are argilLaceous in nature. The caves of Guptesvi^ar are found in such 
argillaceous limestones. 

The outcrops in Bastar occur to the west of Jagdalpur and arc of 
the sanie nature as those in jc^pore. The lower beds of quartzites and 
sandstones are followed b^-^ sliales and ILmestoneSp The limcstonrcs exhihit 
certain stnictures w'hich may indicate the presence of algal remainSs The 
upper part of the succession may represent the Sullavai Series of Vindhyan 
age. In general the bcils are practically horizontal except near the eastern 
boundary, where they show^ much folding roughly along N*”S^ axes. 


C H HA IT ISGA RH BASIN* 

The PurEuua locks of the Upper Mahanadt valley cover large portions 
of Drug, Raipur, BiLisp«r. Raigarh, Sakti. Kandgaonp Khairagarh, eta 
The rocks occupy about the same area as the Cuddnpah t>asin in the south. 
Along their w^estem boundai^-* thi^v overiic the Chilpi rocks while along 
most of the eastern and |xirt of the southern boiindar^^ they Ik over tlie 
gneisses. The rocks may l>c divided into a lower arenaceous dixision 
called the Chandtirpur Sm^ and an upper limestone and shaly division 
called the Raipur Srr/V^. I hc Chajidarpur division rests unoonformably 
cm older rocks and may vary in thickness from 200 to 1,000 feet. It 
consists of line purplish saudstone with spots of green chlDrile and pink to 
buff shales. It forms a well-wooded umhilating belt, about 10 miles broad, 
to the south of the ChhattLsgarh plain. The Raipur Series Is much thicker 
and consists of shales and limestones which lU- nearly horizontally* but 
unconformahly on the older beds. The limestones are compact thick- 
bedded and sometimes shaly, the latter grading into shale. The beds am 
unfossiliferoms and have a thickness of about 2.000 feet In the Mahanadi 
valleVi 

In the Barapahar and Phuljhar hills to the east of the main Clihattis^ 
garh the Chandarpur Series attains a thickness of 5.000 feet^ con^ 

sisting of conglomer^itcs, quartzitrs, sandstones, shales and siliceous slates, 
The Raipur Series is about 1,000 feet thkk. consisting maiiily of pink and 
buff shales and shaly limestones with a berl of gmnular quartzite at the 
top. It is thought that the diamoiuls formerly said to haw Iwen worked 
at Hir;ikud in the Mabanadi near Smnbalpur were deriA-ed from the racks 
of the Barapahar hills. The racks in the l^rapaliar hills are often highly 
disturbexi and even over-folded and crushed along the giwi^tc honkr which 
seems to be a faultevi junction. 
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Both the Lovk^T aod upper series in ChhaLtisgiirfi avv cut acrass by a 
few dykes of compact basic igneous rocks. They may be of Cuddiipah or 
Lower Vindhyan age. The Raipur Series b said to rpsomhle the Tindhyaps 
in generaJ. 


KOLHAN SERIES 

L^dng upon the Iron-ore Senes of Soutli Siiigl^hlium and Ketmjhai' 
with a well marked urroonformity, there are a series s>f Isasat cunglomenite^. 
purple sandstones, shales and limestones, which are practically rmnictamor- 
phosed hut subjected to folding in the western parts of their outertsps. 
The conglomerates contain pebbles derived from Singhbhiim Granite, 
banded hematite-jasper and iron-ore. The limestone rests conformably 
on the ba^al sandstone but is not extensive, being hiiticular and alKiiit 
AO feet thick- It grades into phyllitic shale. The overlying shale is pur^ 
plish grey or buff anil somewliat pliylijlic. TSir rocks ate folded mul 
cleaved in some places. Tile maximum thickness of the Kollian berii^s 
is only 250 feet, but there is no doubt that it b much later than the litits- 
on? Scries. 


GWALIOR SYSTEM 

The rocks of the Gwalior System form hiLl ranges extending ea.'it to 
west along tlie nortbom fringe of a narrow belt of BundelkhLUid gueias 
at and near Gwiilior, They have been regarded as the eqiii^'^knts of 
the Bijawar Series which lie 120 miles to the east. There b still some doubt 
whether they' are of Cuddapah or ATa>'aIU age. 

The outcrops of the Gwaliors occupy an area 50 miles Jong and J5 t*> 
20 miles wide, u ith a %'cry gentle northerly dip. They comprise sandstones^ 
ferrugiiiotis jaspers, limestones and interbedded traps. They lie with an 
unconformity on the denuded surface of the Bunddkhand Granite, They 
have a great resernblance to the unmetamorphosed rocks near Hindann 
and the jaspers and shales of Ranthambhor (Jaipur) which are regari,led 
as of ^\ravalli age by Heron. 

ITie Gwaliors have been divided into a lower Par 5tri^, upto 200 feel 
thick, and an upper Marar 5Vrfes which is over 2.000 leet thick (C. A. 
Hackot : Rfc, III, p. 34, 1870). The Par Series consists of thin-beddod 
'sandstones at the base resting on an irregular deniidoLl surface ami some 
sandstones and shah's into which sometimes Bundelkhand ejuarU reefs 
project. Tilt sandstones form ■well marked scarps, Ttie Morar Scries 
consbts of silkeoiis and ferruginous shales with bands of bright red jasper^ 
There are also ochreous shales and limestones with chert concretions. 
Tht'te are at least two chief horizons of trajiSp the lower 70 feet and the 
upix^r mote than 500 feet thkk. The ferruginous shales have been n.'^ed as 
iron-ore+ 
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The correlation of the Giivaliors \& a matter ot some difficulty* They 
lie on the Bundelkhand Gneiss and are practically unaltered sedinientaLiies, 
Though they resemble the nnmetamorphosed AraATlIlies of llindaun and 
Ranthambhor in htbolog^'p they are probably t>f Cuddaj)ah age, since thc^^ 
have a horiscontal disposition and are imakcred. nieir immunity to 
nretaiDorphism and disturbance may, ho%ve\‘er* lie due to their isolation 
from the main area of otogenic activity in Rajasthan. 11 m? a§e of the 
traps from the tipper beds, determined by the helium method, was 500 
million years according to Dubey, who therefore equati^ them to the 
Cudda|>ah5. 


BIJAWAR SERIES 

This Series, first nszognised in the Bijawar %State in BundelfchaiMl 
(Central Indiajp occurs in a series of outcrops extending from Bundelkha^d 
to the south of the Narmada and has a thickness of less than gOO feet in the 
type area (H, B_ Xfedlicott : A/cj#i. U, p. 35, IRW). Quart^titts and 
sarifJstones, isiometimes oonglonN^ratic, form the basal beds resting on 
gneisses* Siliceous limestoiM^ and homstonc-breccia are found with the 
qUiirtiites, These are rather iiregolariy distributed and are of less than 
200 feet thickness. Thi?sc are overlain by femiginoiis Kuidstone contaimng 
pockets of hematite. The rocks arc either liorhGOtital or have a low south¬ 
easterly dip, though in a few places in the south they have been subjected 
to crushing. 

The Bijawurs are associated with lavaSp luffcSp sills and dykes of basic 
composition with micro-pegmatitic patches, but there are also ohvinc- 
bearing rocks. The dyk^ of the Bijawar igneous suite are supposed to 
be the parent rocks of the diamonds found in the conglomerates of the 
Vindhyan and Kumool Sj'stcfns, though so far as knowTi, none of these 
biisic rocks has the composititm of kimberlite. 

A similar succession of rocks is found In the Dhar Tor-est, Jabalpur 
and Retva on the one hand, and in the Son valky of Bihar on the other* 

The rocks near Bag (22“ 22' : 74 * 50') ami Jobat (22* 25' : 74“ 37') 
were originally correlated with the Bijawais* Tliosc of Jobat were assigned 
to the Afchacans hy P. N* Bose. There is some doubt ^vhetlier the slates 
and phyllites of the Bag area are not al^ of Archaean age. The iloltv 
mites md quiirtritcs of the Kimanpur area here are also probably of 
Ardiacan age accorrling to M. K. Roy Chow^lhn^ 3 ^ 

The succession in Jabalpur consists of phyllitcs, mica-schisLs, caicUk 
and dolomttic marbles, banded hTTUginous quartzites with wJuch areassocia- 
tctl iron and manganese ores, and bask sUls (and flows ?}, the whole a-ssemb- 
Jage bearing a remarkable similarity to the Iron-ore Scries and part of ;he 
<;aiigpur Series of Chota Nagt>ur. There h little ibubt that these' Bijawars " 
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of Jabalpur am to be assigned the saiDe age as the Sirighbhom-Garigpitr 
rocks, Dhartvariati [Mm. XXX\'T1, pp. 803-806, 1909). 

The same remarks may perhaps apply also to the ' Bijawars ‘ of the 
Son valley, whose easterrmiost extenskm is found in the Rajgir^ Kharakpur 
anti Sheikh pnra hills in the Gaya and Mongh^x districts. They comprise^ 
san<Lstoncs and conglomerates, slates, limeslones, jasper and porcellaTioid 
l>eds, chlorite-schists and basic lavas. In the Mirstapur district^ Mallei 
regarded these (Mtm. VH. An. 1. pp. 22-23, 1871) as comprising twxv 
series sepamtct.1 by an unconformity. At the contact with intrusive 
granitic rocks, the mica-schists and phyHites have been converted into 
composite gneisses, while the basic rocks have been epidioritiseiL The 
opinion has been expressed that these ' Bijawars ^ arc also to be classtxl 
with the Dharwars l.XH, Pt. 11, p. |45, (footnote), 1933). though 

the)' may, with espial justification, be classe^l with the Cuddap£ihs. 

Dr. \’. S. Dnbc^' has proposed (Carr. Set. XIX. 143. 1950) atlireefold 
division of the Bijawais.^ Me regards the Lower Cuddapah and Delhi 
rocks as Lower Bijawars ; the Middle Bijawani as including those with 
conteinporaneous bask igneous activit)^ as in the Bijawars of the type 
area and the Upper Cuddapali of the Andhra area ; the Upper Bijawars 
as including the Semris {generally referred to the Lower \'indh>ans) of the 
Son V'alky which contain acid flo\ra and tuffs, and the l^wcr Vindhyans 
of Rajasthan with their 3faJani igneous suitc^ as well as the ultmbasic 
pipes in Bundelkhand containing diamonds. 1-fe advocates that the bast> 
of the Cuddapalis should be fixed at abont 900 million years [Holmes' 
upper Pre-Cambrian to correspond to Cuddapah) ; that the Hrinpuni 
granites and their pegniatites giving an age of 735 million years, and also 
tlie Jfalani igneous rocks should all be tncludcil in the Cuddapahs, A point 
in favour of this idea is that all Cuddapah and post-Cuddapah igneous 
activity would be relegate<i to the Cuddapahs and that the Vrndh^^mis of 
Northern India svoiild be the ei.|ulvalenls of the Kumoola which do not 
show any contemporaiu'ous volcanism. Tlierc is also a well marked 
una>nformity l^tw^ccn the S^-mris and what are now regarded as the Upjwr 
Vmdh}^ans. 


THE DELHI SYSTEM 

This Svstfm c.x tends righi along the main axis of folding of the Aravalli 
mountains from near Delhi in the north, through Ajmer and Mcivar to 
Idar and Falanpur in the souUl In the north it consists of patchy exposures 
intemipted by allu^dum. The exposures are fuller and much broader in 
the main syncUnorium in Ajmer-Slerwara and Me war* Hero they consist 
of two major synclmes separated by a tongue of pre-Arav-alli gneisses, 
the junction zones on both sides of the being marked by shearing. 
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The Wes Lem margin «l this tonifue of gneisses is in plsc<^ ttiorkecl by a 
thrust fault and the vicslem syncLinu is profusely intruded by igrieoiis 
rocks which gradually increase iii a SAV. direction until they almost obli' 
terate and assimilate the Delhi sediments. The s>Tidiii«i coalesce in the 
south. A few strips of llio Dtlhis art also stsn to the east ol the main * 
syiiclinorium. The expijsores Iwtween Mewar anti Jodhpur are only 6 
milts wide though c.xposcd for a distance of 40 mili^ along the strikci^ 
Further south, the ^'■nclinc widens and is also evidently buried der^per^, 
enabling higher stratignphical mnes to appear in the centre. 

The Ueliii S^rstem lies over the gneisses anti the Ratalos with a great 
uncon fonnity and is in turn overlain unoonformabh' by the Low^cr 
Vindhyari-s. The uncontonnity at its base is taken to represent the epar- 
chacan interval. The Delhi System is correlated with the Cuchbpahs, 
both consisting of about equal thickness of sediments, namely 20,000 feet ; 
but the DelhLs differ from the Cuddapahs in that they ha%'e been subjected 
to mountain buildirig forces and to extensive, folding, faulting and igneous 
intrusions. The Cuddapahs are comparatively less disturbed, and even 
that only in the eastern part of their espositrcs where the argillaceous 
strata have developed cle-'i^^c but have not beep converted into schists. 


The general sucoessbn in the main s>'nclinorium is showm In the accom- 
ponj'ing tabic. 

Table 19 —The DEJ-fit System 
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Thi^ suctesiijofi is fully tlcvelojJtsl m AI war, wh^re two extra horiatoris 
iinmely Kusha/gafh Limfiicne [t.500 feet) and Homstmii Bre£cia (small 
but variable thickness)^ intervene between the Alwar and Ajabgarh Series. 
The Aiwdr Serifs are ratherr unevenly developed in the ’^^arinus exposures. 
Tile)" die out in the middle |K>rticni of the syncline but reappe:ir again 
in the south w’here faulted outliers apiH-ar in an inverted position Hinder 
the AravnUis. The Ajabgarh Smes often show injections of pegmatites 
and aplltes which have produced composite gneisses in different places. 
The Caic-Schiiis are thinly bedded flnggy hio title limestones whieh, when 
mctamorphosetl, have become schistose with the development of trcmolitc, 
diopside. biotite and feldspar atid consist of dark and white bands. In 
the evirenie south they an- fouinl in an iiiiinctamor[>ho5«l condition. 
The Ciile-Gneisses, on the other hand, are coarse and contain much car¬ 
bonate in the less metamorphosed uteas such as those cast of Hcawrar wdtere 
they m*! 3,000 feet thick, und also in Merwitra. They are mainly dark- 
ban dec I siliceous limestones, Wben followed along the strike they become 
more metamorplH>sed and gneissose. They are generally more massive 
and harder than the Cak-Schists. Their south-eastern border in the 
south is a shear rone along which Erinpura Granite has been intnidcd. 
Xi-iif the batholith of Mt, Abu, the Calc-Gneisses arc very profusely in- 
pctisl with granitic materials, 

North-Eastern Area.—The Delhis in the north-eastern area consist 
of narrow stiike-fidges in which the rocks show moderate folding. The 
general strike Is N.N.E.-S.S.W, but the rs>cks are overfolded to the south¬ 
east as a series of isoclines. The Alwais are 10,000 to 13,000 feet thick, 
eons'isting of compact tiuartxiteSj, oonglomerates and grits. Some of the 
qnartscites consist of almost pure quarts grains. .\ few' siibortlinate shaiy 
and calcareous bands are present and also sills of cpidiofite and meta- 
dolerite. In the iipp^r beds tlietfe is an admixture of argiUaceoiis materials 
and the quartzites become mottled and streaked with browT^ colour. The 
At war Quamites contain some de[K>sits of iron and copper ores. The 
qiiart 7 -itc ridges prominently exposed at and near Delhi belong to this 
formation. 

The Kushalgarh Limestones overlie the AI wars. They ure dolomitk 
limestones wath dust-like inclusEons, show'ing a banded structure, w'ith 
practically no joining. Their maximum thickness is 1.500 feet. The 
Homstonc Breccia ap[X*ars at some horiicon In the Kushalgarh Limestone, 
more often near the top. It is develQ|?ed only in the .^hvar Statc+ It is 
considered to have been derived from the shattering of the alternating 
thin beds of quartzites aiwl shales during the intense folding of the strata. 
The rock consists of angular pieces of quarts in a fine grained dark matrix 
4if ferruginous and sitideoiis matter which is sometimes rich in iron* Being 
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quiu^ biirrl, it forms hillcjcks, hut its outcrops irregular and siiiuous^ 
It.^ autuclastic ongiu explains its varying stratigrupbical hori/on, 

ThQ Ajahgarlis arc maitdy an atigillaceotis scries, running synclinal 
valkys because of tlsdr wmiparative softness. They contain sulKirdinaU- 
siJicvflus limestonrs, cakarcoiLs silts and ferruginous i[iiarUites. Tlio 
shales arc sonicttmes phyUitic. and when metamorphosed have developed 
chjastolite, stauroUte and small garnets^ They are thiii-bedded and show 
minor cniinplEng as wvU as abundant irregular pints. 

In the lower (Xirt of the .Xlwans there are several contt'-ifn|>cpranef»u^ 
basic laAU fiov-s and sills. Tlun and mimerons ptaraliel sills are some¬ 
times iiott'tl in the quartin some plac^ and these may repn^nt 
metainorphosetl volcanic ash intcrlhsdded with the quartzites. When the 
basic intnisions are found in limestone bands, they have prodiiccfl 
of actinuiite, tremoHte, epidote and other calc-siJicates. 

Western Jaipur^—Being citjse to the Aravalli axis, the Ddhis in 
this area arc highly folded, metamorfshosc^ and intruded by granitic and 
basic igneous rocks^ ilw ;Vh\'ar f|uartzitcs are well de\^dopeiL The 
KushaJgarh Limestone and Homstonc Breccia ani missing. The Ajahgarhs 
consist of intca-schists, niicaccous rpiart^itcs and calciphyres, 'Die copper 
ores of Khctri and Singhana and the cobalt ones of Babai are found in 
quart/, and slater associatecl with brov^n mica-schist?, and impure 
limestones of Delhi age. 

Main Syncllnorluin.—The l>eLtiis are tixposeij in the main syncli- 
noriuin from Ajmer through Mvwar into Sirohi and Idart o^-cr a distance 
of mure than 200 miles. The Kushalgarh Limestoms and iionistotie 
Breccia arc not developed in this n?gionH The basal beds seem to show a 
distinct relation to the rocks on whkli they Ik ; arkose and grit occur where 
they lie on grtcLsses and pegniatile, hut only quartzites are found w^here 
they Ik on Arav-alli phyllites. Thick conglomvrtites (1,(KM) feet) occur 
at Barr and can be traced for 30 miles. They contrin large quartz pebbles 
which afi" much drawn out in the direction of dip. Near Todgarh in xAjiner 
an CLVCelk-nt section of the Ajabgarh Series is Elcveloped, Here the Ddc- 
Schists arc profusely injected by the Erinpiira Granite. 

The Sawa Grifs which tiiKonformably lie on the Bagawanpura liiiie- 
stone are considered to represent the Delhis. The grits pass upward'^ 
into the Sawa Shales, the thickness of the whole formations being about 
200 feet. There arc also the /ir+m Sandstonfs which lie below the \'indJi- 
yans or the Deccan Traps, separated by an unconformity. They 
consist of 200 feet of compact, hard, pale grey quartzites, sometimes fer- 
niginous and mottletl with purple stabis. They may also represent the 
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Delhis. Thev resemble the Kaimtu tones to some extent md u-ere 
origTiially dcscnbed as Delhi Qimrtzitcs, 

Erinpura Granite.—TJie Delhi S\-steni is intruded by the Etinpura 
<;ranitc which shows a great deal of variety in its lorn, size, texture and 
degree of foliation. It has no elfnsive representatives. It is generally 
a biotitc-granite but its pcgmaiites contain muscovite anti tourmaUne. 
It occurs in two forms, a massive granite which occurs as and a 

sheeted type intercalatwl with other rocks when it shows variation in 
grain size and occasional development of purphyritic t^'pes. In the type 
area, in eastern Slewar, it shows gneissic foliation cspeciaHt'^ near the border 
of schistose tocIk. This gtanite forms the chief intrusive igneous material 
in UiP Delhi rods. It occupies a larige area on the north-western side of 
the Aia^'aili range, obliterating part «f the western portion of the Delhi 
synclinorium in the south. It is exposcxl also in Pabnpur. Jdar, Sirohi, 
Beawar, Jaipur and .41 war, 511, Abu is comprised of a large batholith of 
grey biotitic granite with hornblende. I>eing coniposcrl mainly of quartz, 
microclinc, orthoclase, ^me plagbclase. sphene, ironn.^m and fluorite, ft 
becomes somewhat micaceous when it approaches the schtstost^ rixks. 
It shows xenoliths of amphilxilites which represent |iartly assimilateil 
invaded rocks, and also dykes of pegmatite and dolerite. 

Mfilani Igneous Suite. —There are other granitic rocks in Rajasthan 
which ajie correlated w^ith the Malani Granites. They have been called 
the Idar Granite in Jdar where they show granitic, microgranitic and grano- 
phyric phases. The tdar Granite was originally described by 5fkld[einbs 
as the local phase of the Erinpura Gmnite hut Heron considers it to be of 
Malani age. Granite is a horn blende hiotitc-granite while the Sinfana 

Grattile m a homblcndc-granite. The Volcanic pliases of these arc the 
51alani rhyolites, porphyries and tuffs which occupy a tract of country 
150 miles long (E.-W.) and 120 miles broad (N.-S.) in Jodhpur and surround¬ 
ing areas. The effusives include also folsites and de-vitrified rhyolites 
intercalated with acid tiifb and pvToclastic materials. Tlic intrusive 
phasesK Jalor and Stwaaa Granites, are intrusive into theUeJhis and are 

considered to he later than the ErinpiiFa Granite and of Lowxr Vtndhyan 
age. The effusives are found undisturbetl o\^er the Aravallis. The ro- 
presiMitativcs of the 5faJani suite are apparently prt^sent in the Tusham 
hills of HLssar district in the Punjab and in theSangla hills further west. 

Some ultrabasic rocks are also found intrusive into the Delhis hut 
generally altered to epidiorilcs, talc and chlorite-schists such as those 
found near Biw-ar and to the south of .\jincr. 

In the Sirohi State there are occurrences of ulkali granites, gabhro, 
dolerite, pyfoxenitc and picrite, which are thought to lie later than the 
Erinpura Granite but earlier than the Malani rocks. 
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AGE OF THE !GNEOUS ROCKS OF RAjASThfAN 

Dr* Heron considers the Biindelkliiind Granite as the earliest igneous 
rocks in thl^ region* The igneous components of the Banded Gneissic 
Complex may have biien ocmtribnted by the Bundelkhand Granite or by 
some other unknown ignwus rocks. The post-Aravalb gratiitcs are, 
according to him, of v^ry limited extent as he has mapped two typics of 
granites in north’Oastem Rajasthan, one pre-Delhi and the other post- 
Delhi. There are, in addition, the Erinpum Granite and the 3fa]ani igncotis 
rocks which are respectively post-Delhi and f,*ower Vindh]i,Tin. 

In his Presidential Atldress to the Geolog>^ Section of the 40ih Session 
oi Indian Science Congress in 1953. N. L* Sharma has discussed the age 
relationships of the various igneous rocks in Rajasthan. According to 
him there are no dehiutely proved prc-.AravalLi granites. The Biindeh 
khand Gneiss Is considered most likely to be post^Aruvalli as it has apparently 
contributed the granitic material of the Banded Gneissic Complex as well 
as of the Ardvalll schists. In support he quotes the views of Crookshiuk 
who states that the Banded Gneissic Complex is essentially the same as the 
Aravalli schists which have been granitised by the Bundelkhand Gmnitc. 
Sharma ogreiis that the Erinpura Granite whkb Is so widespread in Rajasthan 
is post-Delhi and preA'indhyan* He is of the opinion that there are only 
three proved periosls of granitic intrusions — the first post-Aiavtilli, the 
second post-Delhi and the third Malani. 

Regarding the basic inlmsives, three periods of activity are postulated 
by Sharma, as shown below :— 

3. Oli^-taedisawitc and bairtli (pcisi-Efinp«ra 

2 - Meta-gahbro and meU-dctlcrito tpre-Erinpura GradltC! bat pcHt-gnniloiii jpicuas) 

I, EpidiofiteH pyroseitc-grmimnta and hornbl«idMchiatS (poflt- Aravalli pre- 

granitoid gndsa) 

As there are considerable differences of opinknt amongst the workers 
in Rajasthan regarding the age of the various *rranitie intrusions, parti¬ 
cularly in regard to the age of the Bwndelkhand Grantte and the granitic 
constituents of the Banded Gneissic Complex and of the Aravalli schists, 
much careful field and lahoratoiy work is necessary before the history 
of the \-arious intnisives can be unravelled satisfactorily. 


extra-peninsular areas 

The equivalents of the Cuddapahs and Delhis in the Himalayan areas 
are the Dogiu Slates of Kashmir. Attock Slates of Punjab and N.W. 
Frontier Province, the Chails and Simla Slates of Simla Hills, the Chandpurs 
of Garhwal and Chakrata , and part of the Halmanta and \ aikrita Systems 
of the Central Himalayas of Kumaon. In Burma the Chaung Magji 
Series may be partly of Cuddapah age. 
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KORTK-WESTEKX HIMALAYA 

A thick series ol unfossililcrous called the Dogra Slates in the 

Pir PanjaJ, ajid the Attock and Hazara Slates in north-west Punjab and 
Hazara are probably the p«iuivaJents of the Cuddapalis- In Hazara tliey 
<MUpy a N.E.-SAV* several miles acrossanilcoiitinue into the Attock 
district. They are wcIl-cleavcdH dark^ homogeneous sLitt^ with high 
dips. ITiey bear a great resemblance to the Simla Slates qf Simla w hich 
are older than the Bbini boulder-l»rtl and are general4^ overthrust hy the 
Jutogh beds. They are well exposed betw-cen Simla and the Sutlej ri\'er 
and along the Mashobra road. The Simla Slates are probably the eipiiva- 
lents of the Chail Series or both together form a conformable group, 1'he 
Chails resemble the metamorphosed facies of the Chandpur beds of Chakrata 
and Garhwal. The un metamorphosed Chandpuis do not ramble the 
Simla Slates for they consist of alternating bands of phyllites and f|nartzitcs. 
On the other hand, they resemble the Daling Stries of Sikkim and XepaL 
In the Chakr^ta area the Chandpiirs are <.lirk grey, steeply dipping and 
closely folded slates with interl^edded sandy shale' beds. They are here 
associaterl W'ilh the Itfandhah beds wdiose exact stratigraphic position 
is \eri!' much in doubt. The Chandpurs at Chakrata are separated from 
the Mandhalis by the Tons thrust, llie Chandpurs continue from Chak¬ 
rata eastwards Into trarhwaJ. To the south the Mandhalis arc thnist uvcr 
the Siwalik* by the Krol thrust. From a study of the eurrcni-beddiiig 
shown hy these beds in the syneline in which they occur to the south of 
Chakrata, it has been concluded that the secpience is 

Nagthat (JfauiLur) Seri<e« 

- ^Uwiaiifarmity -- 

Chandpur 

- thrust pTane^ —-- 

MandhaH Scries 

The MandhaJts consist of boulder !)cds, qtiartjiiios. slates and sandy 
limestone. J-he Chandpurs have |>ecn traced to Almora and to Unsdowiie- 
Dutatoli where the phyUites pass into schists of meso-grade. 

CENTk.\L HJMALAY.4 

The Viukrita Seties of Central Himalayas consist of different iitholo- 
gicaJ tj'j»es, particularly mica-schists, tsdc-schists and ph^llites. The mort- 
highly metamorphosed Vaikritsis of GarhwaJ have been notcti to pass 
northward into cpi^gradc Haimanta Series which may. in part, be correiatcrl 
w ith the Chandpurs. The Haimantas are a thick series found on the northern 
flanks of the main Himalayan range from the Sptti valky through Ngari 
Khorsum to the Imrder of Nepal, They consist of (juartzites, grey shales, 
silky phyllites and red siliceous slates. Part of the Haimantas has been 
proved to be 1 ambiian and the rest may repaint the Paraims, 
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In. northern KurAaon, Mciiti artd Gansaar have gWm the name 
Stries to a group of phyllites, quaTUites and calcareous phylltea which 
are said to tremble a jiart of the Haimanta System and form the peaks 
Xampa. Kanda Kot and S'anda Devi^ highly folded and contorted 

in places, and their thickness amounts to 5.00Q metres. Some of thephyllites 
probably represent volcanic tuffs. In the ^'allcy of the Kali river they 
are ropr^.!seiite<l by the Budki Schtsis which show* meso-grade nietamorphism 
and are less thick than the Martoli Series. They may be of Algonkian 
age. 


BURMA 

The Chaung Magvd Series of S. Shan States which are an argiLlaceous 
Series with sonic quartzites, are overlain by fossiliferous Ordovician rocks. 
They have been folded and there is an unconformity separating them from 
the younger rocks. It is considenid most probable that they are of Purana 
(Cuddapah) age. They arc said to haw been traced continuously into 
Yunnan where they merge into the Kao^Liiing Series of Pre-Cambrian age. 


FXONOMIC MfNERAL DEPOSITS 

Copper.—The copper ores of Khetri and Singhana in Jaipur occur 
as stringers of chakopyrite, pvrite and other minerals in black slates asso¬ 
ciated with amphibolites, presumably of Delhi age. Old workings are 
seen over a length of several miles and the fnineraJised zone extends for 
some 15 or 16 miles in a K.E.^S.VV* dixecliou. 

At Daribo and Kho in Alwar, thin lodes of copper ore containing 
chalcopjTitc, pyrrhotile* arsenopyrite, etCn, are found in slates near the 
base of the Alwar Scries. These occurrences arc considtrred promising. 

Cobalt —At Babai (27"53'i 75M9') in Jaipur, copper-cobalt ores 
comprising chakopyrile* cobaltite, danaite, etc. arc found as stringers and 
disseminations in slates (? of Alwar age). They used to be worked in a 
small way for making cobalt glazes on metals. 

Asbestos.—The trap sills traversing the dolomitk limestones of the 
\kmpalk Stage have produced Bcrpentinisafion in several places in a zone 
about 3 to 4 ft. thick, mainly near the upper contact. In this zone, as 
well as in the traps near the contact, chrysotiJe asbestos has bwn dev^eloped 
as cross-fibre veins of good quality. The best deposits aie found about 
3 to 6 miles west of Pulivendla in the Cuddapah district. The length of 
the fibres in the veins varies from a small fraction of an inch to about ^ 
inches, the average being around a quarter to half an inch. 
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Bar>^«s.—The Cuddapnh traps have also been refiponsible for the forma¬ 
tion of veins of bar>tes in the Vempalie limestotie. Some of the vdns are 
several feet thict and a few hundred feet long. The most important 
deposits occur near \empalle, PuHvemdLa and Kotapalle in the Ciiddapah 
district, Xerijumapalle and Mutssukota in the Anantapur district and 
near Balapalapalle and other places in the Kumool districts The Alwar 
4)uartzites of the Delhi System contain fissure-veins of bar>les at Sain purl 
and Bhakheni near Alnar, The deposits in Andhra State and in Aliiar 
produce an average of 8,000 to 10,000 tons of barytes per year. 

Steatite.—Steatite and talc of excellent <itia!ity Ls found developed 
in the dolomitic limestone of Vempalle Seriiss near the contact with basic 
igneous sills at Mudda^ aram in the Kurnool district and Tadpalri in the 
Anantaptir district, * Lava ' grade ha=i l>cen obtained from these deposits. 
Talc-schists are also found to have l^cen derived from ultra-basic rock^ 
intrusKv into the I>elhi S\?sten5 near Bea^rar and Ajmer in Rajasthan. 

Building Stofies.^—The basi‘menl arkose-conglomenite of AI war 
Series at Srinagar fAjmer) is a fairly well cleaved rock >Helding slabs and 
blocks. A similar conglomerate grit at Bartn in which the pebbles are 
much flattened and ejongateth yields good slabs up to 15 ft, long, 2 to 3 ft. 
broad and 3 or 4 inches ihick. The Alw ar Quartzite of Ghat and Maundla 
and the micaceous grits of Ajmer and Nasirabad yield thick slabs and blocks. 
All the5ie are hard and durable building stones. 

The slates worked at Kund in Alwrar are of good cpiality, yielding 
school slates as w'dj as thin slabs useful for paving and roofing. 

j^jabgarh Limestones are also worked at vanous pla<^, TTic grey 
and black slabby limestone of Jhak and Sanodia (Kishangarh) yields good 
slabs. The Bhain&Tana stone is a hard compact finely crystalline limestone 
use<l for building and carving. The Tonkra stone is a coareely granular, 
dull white crystaUine dolomite, while the pink Karwar marble is a 
beautiful stone of ornamental cj utility. 

In the Cuddapah basin of Andhra some of the quartzites—r.g., PulL 
vendla and Nagari—are used as budding stoties w here they are well bedded 
and yield rectangular blocks and slabs. The Cumbiuii Shales contain 
some good w-ell-clcav«i slates worke<l near Cumbnm and :^farkapur in 
Kurnool district. They are associated with thin band^ of sandstone which 
can be used as sharpening stones. 

The Vindh>*aii shales near Katni in Madhya Pradesh have yielded 
fuller’s earth. In other areas, both in the Great Vindhyan basin of Upper 
India and in the Cuddapah basin of South India, there arc various types of 
clays derived from the weathering of shales, w hich can be used in the ceramic 
industry'. 


CHAPTER VIII 


THE VINDHYAN SYSTEM 

The Cuddapah^ were succeeded by the ibeks of the Vindbyan System 
after a tiine interval markctl by earth tuovements and erosksa. The 
Cudda|>ahs were then folded and metanu>rphosed to some extent thoui^h 
the intensity of the forces at play was much feebler than that at the close 
of the Dharwarian era. In Rajasthan, however, the pcwl-Delhi rciovementa 
were of great intensity along the Aravalli axis and were followed by the 
granitic intrusions on a large scale. 

The Vindhyan System derives its name from the great Vindhya 
Moun tains r a part of which is found to form the prominent phiteao like 
range of sandstones to the north of the Narmada v^ailey, particuJarty in 
Bundelkhand and Malwa. It occupies a large basin extending from 
Dehri-On-S<Jii to Hoshangabad and from Chitorgarh to Agra and Gwalior^ 
surrounding the batholithic mass of Bundclkhand GranitCp Oldham 
estimates the area of the exposures as about dD,D00 square miles with a 
further 25^000 square miles lying utidcnieath the Deccan Tra|.is. 

Over the greater part of the area, only the upper portion of the Vindh- 
yans is developed* usually resting on the Cudtiapahs or older rocks with a 
very pronounced unconformity. In the Son valley, when? the Lower 
Vindhyans are well developed, an unconformity is seen bet ween them and 
the nfqjcr divisions. The Vindhyans are tlistinctly leas disturbed than the 
Cuilclapiihs but the lines of disturbance tend to be cornmon in both. Within 
the Vindhyan System itself there are distinct unconformities, often marken! 
by conglomerates, separating ihe different Series, 

The Vindhyans are, like the Cuddnpahs, unfossilifemus. in recent 
years how'ever, the Suket Shales of Rampura J24* : 75^ 2^') in Madhya 

Bharat have rielded smaU discoid impressions considered to be organic 
remains and assigned to the genus Fermerta related to the primitive bra- 
chkipod Acrotheir. There is, howev'er, a difrerence of opinion as to whether 
they are inorganic or organic, and if the latter, whether they are plant 
or animal remains^* A new genus of similar nature, named Krisknania, 
has been described by Dr. M. R. Sahni (Cterr. Sff* Feb, 1954). The Snket 
Shales, as also the shales and limestones of the Khdnjua and Rohtas Stages 
in the Mitzapur district, have yielded and tracheids of vascular 

U Chapmiui, F. ffi'r. GrSJ.^ LXEX, pp- I'JlJS- 

Sahni, M ft, Ihid, p. 45S, 
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plants, algal thallus, carboniscfl casts of DasicbdiiccDus algae and ftingai 
spores, described by varioits authors in recent years. 

The Vindhyans cotisits of four main series, named as Jollows :— 


{ Btuuiclcr Scries 
Kewa ScriH 
Kaitrlur Scrica^ 

Lower Sernri Srbrtt 


FEET 

afrciiicrous anil c^karcou^ [, 500 

mainly arenEtnsuH 500—hOOO 

mairaty aretia£TOus 500 —t.JOO 

mainly oOcAreouA ... 1,000—3,000 


LOVVEH VINDHYANS I SEiMKI SERIES 

From Sasaram westwards to the watershed between the Son 
the Narmada, the Lower Virtdhyans are exp^:>Sl^d undeineiith tlic prainifteiit 
scarp of Kaimur quartzites for a leng^th ol some 240 miles. Here the 
maximum w:i<kh of this series b about 16 miles, but furtlier eust it narrows 
down to a width of less than 2 miles. This is the type area of the Scmri 
Series, 

The Joweimost beds of this series in the Son valley, called the Biisa! 
Siagtt arc 2.000 feet thick and consist of basal conglomerates and the 
Kajrtihiii Linttsfon^ beds. They are followed by shaks and sandstones 
which have Ix'cn silicihcd and converted to pc>rccl1anites (the PorcfUiimU 
attaining a thickness of about 300 feet. The Kheinpta Slagi^ over- 
lyittg thb is about 600 feet thick and consists of olive shales, fawn lime¬ 
stone and glaueonifk smdstmncs which show' ripple marks and other charac¬ 
ters pointing to shallow water and sub-aerial deposition. Abow this 
comes the RolUas Stag^, 400 to 700 feet thick, consisting of ^dtemating beds 
of limestonf^ and shales which support a flourishing lime and cement 
indtLstry^ in ilihar. The limestone varies in quality from bed to Ixd, much 
of it being of high grade and containing over 80 per cent, calcium car¬ 
bonate, less than 3 per cent, magnesium carbonate and alxmt 10 percent, 
silica, lu Ihv upi)cr piirt there are large stone nodules in shales, while 
still further up siliceous limestones occur. 

The Semri Series is intrudetl by dyk<^ of dolerite and basalt in a few 
places in the Son valley. The basic nocks coutaiii both augite and rhombic 
pyroxene, zonerl plagiodase, iJmcnitc and pyrite, with p^itches of micro- 
gmpbic quartz, and feldspar and occasional glass. 

The Semri Scries is found also in the Karauli area of Rajiislhan where 
the .^ravaJli phyllites aa- over bin by san<lstoncs and conglomerates and 
these in turn by the f irokan Above thi^ Tirohan Limestone 

is a zone of breccia {Tinfhiin Bftccm] which is due to the jiartial removal of 
lime by solution from the IhxIs and the conseijuent collapse^ An tina>n- 
formiU' inter^-eu^ between these and the overlying Kaimurs, The Tirohan 
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limestone is api^rentty the ec|uivn1cnt of the Rohtns limestone and both 
are underlain by beds containing glauconite. 

On the southern side, in the (:hitor-Jlialra|)ataii area, shales of probable 
Aravalli age arc overfain successively by grits and conglomerates, Nim- 
bah^a Shaitrs, Nin^ah^ra Limesion^s and Suk^J Shales^ tlie thickness of 
this group of Vindhyan t>eds being about 1.000 feet, 

Taple 20—The Semhj series and tts equivalents 



Son Valley 

Kaniih 

j Chittir 

Rohtas Stage 

Alternating limc- 
and ihalni 

' Tirohan Breccia ... 

1 TirohJin Litneilone 

Suket Sbates 
NimbabefH Ultiestnnfr 

¥ 

Kheinju^ Stage 

Ghuaconite beds 

Farv-n linwitime 

Olive shnles ^ 

\ GlaiMTOnite-bearing 
beds 

» 

Nimbahrra Shales 

Udfx^elliLnitfi 

Stage 

Uorcellanites and 
^licilifd mckd 

Earnlstones a^d epng^ 
lomeratei 

Grits and cnnglCkme- 
fates 

Bual Stage 

Kajriiial Limestone 
Basal Ccmgkunerftte 
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UPPER VINDHYAKS 


The Upper Vindhynns are exposed in the great Vindhyan basin. They 
consist largely of sandstones and shales with subordinate limestones, the 
sandstones forming extensive plateaux around anti to the south of the 
Bundelkhand granite inass» The subnlivisions are shown in the accom¬ 
panying l‘able* 


TanI-E 21—UfrER Vindhyan Succession 


BhuiJcr Btam 


R<rwA Scriia 


K*imur Series 


" Upper DhaniJcr SlMUhitufle* 
Sirhu 

^ niuacicr Susdjtofic^ 

Zuider Liniritolic (Nagot;ie) 
^<>B.Durgarh Shales 

-Durnitmd-beanng ConfloMiatc -- 

I ^ Upper Newm SirndiiOfleS 

J Ihiri Shaks 

* Lqwf!r Rewa SandatoiMs 

SluUeK 

-]>taniaiid-beanng CoBglorocratc — - 




n f l>andhr*yl QtMTUite 

Lpper YSaup Sandfieme it CDnKlammhte 

SliAha 

Upper OiMJtnles ami SamUt™:* 

Suk^Bnccu 

l4>wtr QuAitzites and Shaks 
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KA[MITR SERIES 

In the Son vaUey the Kaunur Series contains two hands of quart^te 
in the lower dh-ision which may be gritty and c%'en conglomeratic and show 
current bedding. The lower quartaite passL'S upwards into flagstones 
and shales showing ripple-marks and sun-cracks^ and these into thin liedded 
micaceous and otrbonaceous shales w-ith sidcritic bands. Interliedded 
with these are banded and jointed porceJLanites, fragments of which are 
found in the next succeeding gritty bed called the Swsnai Breccia* This 
breccia ts umlotibtedJy of epin^lastic origin i^nd marks a break in sedi¬ 
mentation, though the base of the Kaimurs is to 1» put at the base of the 
Jow^er quartzite. 

The Sttsnm Brfcciu is overlain by the upper silicihed quartzite |Loww 
Kaimur] with marked current and lenticular bedding and ripple-marks* 
which forms a very conspicnous scarp^ dO feet high* in the Jmu valley. 
AlK>ve this are other quartzites and also sandstones and mudstones which 
show' extensil e replacement by iron and have the characteristics of shallow 
water deposits, 'rhesc pass tqiwards into the Btjaigarh Shalts wdiich 
are carbonaceous^ p^Tritiferous and micaceous and genemlly bleached or 
yellow id colour* Lent teles of bright coal (vi train) are found in these 
and some beds arc fairly rich in carbonaceous matter* 

It is in these shales that a bed of pwte aMut 3 feet thick occurs below 
the scarp of the quartzite at Amjor. Banjari and other places south of 
Debri-on-Sone. The pj-nile bctl is generally rich enough in sulphur (around 
40 i>er cent.) to be worked. 

The Upper Kaimurs. overlying the Bijalgarh Shales, cotisist of greenish 
flagstones and sandy sikstones {generally show^ing current-bedding and 
ripple-marks) which crop out along the Kaimur scarp and are excmplihed 
in the 51pgesar hill. The green material apparently includes chamositc, 
chlorite and green mica. Above these are the Dkandraui Quarttik^ which 
axe white to purplish in colour. The Upper Kaimurs have a thickness 
varying from 500 to J.OOO feel. 

In Bundelkhand the Kaimurs show a Iiasal conglomerate containing 
pebbles of jasper* the main formation being a fine-grained quartzite of 
greyish or brownish colour with conspicuous current-bedding. 


REWA SERIES 

The Kaimurs are succeeded by the Rewa Series composed of somew^hat 
coanser sandstones than those of the Kaimur^* and current-bedded flag- 
sto-rtcs. The tw o scries arc separated by a zone of diamond-bearing conglo- 
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itK^nite. The divUiofis recognised in Cent ml India in the Rewa atiil the 
overl^'ing Bliander Series are shown in the Table given above. 

The existence, in Bundelkhand, ol the Lower Rew'a Sandstones aod 
Panna Shales is (Hiestioncd by Vredenburg who states that the diamond¬ 
bearing conglomerate occurs at the base of the Jhiri Shales. In Gwalior, 
however, there are two shale hands separated by a siindstonCp between 
the Kaimurs and the main Rewa Samistone, 


BHANOER SERIES 

The uppermost division of the Vindhvan? is the Bhander Series, which 
is separated from the Rewa Series by a horizon of diamond-bearing conglo- 
nierate. The Bhander Sandstones are fine-grained and soft, usually of a 
red colour wdlh while s|>ecks. "When light-coloured they often show red 
Streaks. Tliey are fairly thick-bedded and yield largo blocks whidt are 
used in building. The L-pper Bhanders fraiuently show’ ripple-marls 
The Bhander Urnestone is of variable thkkne^ and quality, passing from 
a good limestone to a calcareous shale. 

In some of fiajasthan the Bhaiiders show veins and beds of 

gy^psum intercalated with the sandstones and shales. This and the pre¬ 
valence of retl lints constitute the evidence of deposition under arid 
conditions. 

fn the great Vmdhyan basin the sandstones and quartrites form a 
series of well-marked scarps while the intervening strata being soft, give 
rise to sloping talus. The chief members persist over laige areas wnth 
fairly uniform characters. Taken as a svHole, the structure of the Vindhy^n 
area is that of a basin, the sandstones forming plateaux, 0%'er the greater 
part of the area the Iiods are nearly horisjontal, but they show evidence 
of disturbance near the north-w*cst an<l Bouih-east margins. In the Dhar 
Forest anti near Jlialrapatan, itu? V^'iisflbyarts are folded. a 4 id shoiiV steep 
dips. 

The Yindhy-ans are thickest in the southern and south-western areas. 
The Upper Vin^yans are 11,000 feet thick in the soiith-W'est, 4,500 feet 
in the north-west and about 4,000 feet in Bundi State. The Lower Vindh- 
y^ns are cither thin or absent in the north-west, the Kaimurs overlapping 
them and coming to rest directly on the gneisses or on the Bijawam. 

The margins of the Vindhy^ui basin show a good development of 
sandstones, while the sliales arc best developed in the centre and cast, 
passing gradually laterally into sandstone. The pie-t^cnce of emrot- 
bedding and ripple-marks in the strata is indicative of shallow water origin J 
while the red sandstones, of the Kaimurs and Bkindens lor exampie, 
probably indicate semi-arid and contmeutal oemditioos. 
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The Vindhyaiis have been deposited on peneplaned older rocks and 
there nre evidences of semi-contemporaneous earth movements. In the 
Son-Narmada vidley the compression scenes to have come from the south 
or soutli-west, while in the area between Chitor and lloshangabad the 
compressive forces have acted from the south-west and west. In tCajasthan 
they have been affected by over thrusts from the west, along the Miiin 
Boundar>' Fault ^vhich has a throw of some 5,000 feet and which brings 
the undisturbed Bhanders against the h^hLy folded Aravallis^ This fault 
can be traced for a distance of about 500 miJes^ part of it coinciding with 
the course of the fhambal river. There are, however, some strips and 
outliers of Vindhyans to the west of this fault, the Kairmirs from Bundi 
to Indargarh. 

ITiere is little doubt that the Vindhwns continue to the norlli under 
the Gangetic alluviump perhaps buckkd down to form the basement of 
the llimalayaii fore-deep. It is not known whether they are the equivalents 
of some of the unfossilifenms rocks of the sub-Hifnalayan region in V.W 
and Ncpial, which are now found broken up and thrust southward over 
the rermo-Carboniferous and Tertiary rocks. 

The Vindhyans of Rajasthan are invaded by the Malani group of 
add igneous rocks, which include the Idar, Jaior and Siwana granites, 
granophyres, jK>rphyries and the .Malani rhyolites of Lower Vindhyan age. 
These acid rocks are cut by later basic dykes which are probably of the 
same age as those found intniding into the Semris of the Son valley. 


KLRNOOL (KARKLTL) SYSTEM 


The Cuddapah basin in the Andhra State contains two areas of younger 
rocks resting iinconfomiably on. the Cuddapohs—one in the Kundair valley 
stretching up to the Krishna, and the other in the Fulnad tract. This 
younger group of rocks, constituting the Kurnool System, is about 1,200 
feet thick in the west but much thicker in the FaJnad area and has been 
affected by disturbances in the eastern part but by forces which were less 
intense than those which acted on the Cuddapahs. This sy^-tem is regarded 
os the equi^'alcnt of the Lower Vindhyans. 

The Kumools have been sub-divided into four series,, composed mainly 
of limestones with subordinate shales and sandstones. 


Tablr 22—-TiiK KtritNoOL System 
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Nondyal Shalm 
Koilkuntla LimcsLuacS 


KnndAjjr 
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JumiTiAlamacluisu 

BangiinApAlli 


{ 
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Fiinniictrd Quarixit^S 
Qimrtzitc4 
Aulc ShAbft 
Karji UmcatcmB 
BAngAtupAlU Saadatcinfts 


The BEmganapallLs arc rather coarse sandstonijs oJ grey and browm 
coUiuTs, sometimes shaly, feldspathic or ferrugmous. They contain abiimlant 
small pebbles of quartz, ias(>er. chert and slate, derivetl mostly from the 
Cheyair Series. They are the main source of diainonds in the Kumool 
formations. Some of the exposmes have been ^KUmivdy worked for 
diamonds which industry' active in several places in this region till 
about a century ago. 

The lower beds of the Jammalaraadugu Scries consist of limestones— 
the Nani Limestones—of v^ious colours, especially blue-grey, buff and 
fawn. iTfcey are about 400 feet thick at Naqi where the rock is much 
quarried for budding purposes. They are succeeded by the .-\uk Shal^, 
of buff and purplish colours. The Paniam SerieSp developed around Paniam 
(Panem) and Undutlap comprises sandstones and quartzites. The topmost 
series, named after the Kundair since it occupies the valley of that river, 
has a thicknt^ of 5 jOO to 600 feet. The lower third of this is a compact 
fine-grained limestone (Koilkuntb) while the upper part consists of impure 
limestones and calcareous shales named after the small town of Nandyal. 

Outcrops of Kumool nocks, sometimes called the Palnad Smrs, are 
developed in Palnad, in the norlh-Kist of the Cuddapah basin, stretching 
on Ixath sides of the Krishna river. They lie unconformably on the Cud- 
dapahs and contain a diiimond4*eariiig conglomerate at the base. Thdr 
tbicknc^ k considerable but probably liqt as much as 20,000 feet estimated 
by Heron. Tliey consist of limestones and the ILmestones beit^ 

high-calcium ones {7S-90 per cent, calcium cwboi^ate with a little magnesium 
carbonate) simOar to the Xarji, Sullavai and Bl^a limestones. 


BHIJIA SERIES 

Named after the Ehima river, a tributaiy of the Krishna, this Serif^ 
is developed in the Gulbarga District of Hyderabad State and in the Bijapur 
District of Bombay. It occupies an area of roughly 2,000 sq. miles. Hung 
over the Archaean fomiations. 

The rock 5 are divided into a lower and an upper seri^ by W, King 
arvd R. B. Foote, but recent work by C- Mahadevan shows that a three¬ 
fold division Is prefenible (/owr. Hyd. C^L Sitrv. V.)* 


204 


CEOI^OGY OF INDIA AND SURMA 


[CHAf*. 


Upper (JOQ f«rl} 


Black, blu«, busS and puTplc abates witb IekmI aaodatanes 
at tbfi bntlom m*X naggy limc9t43D« at the top. 


ftliddle feet} 


... Creamy^ blu»Bb and bu^ binestoties and Aag^ 

limestones. 


Lower (350 feet) 


... Sandstones and green and purple ahalu. The bottom 
beds arc eoagtomciatic while the topmost beds are 
often calweoui. 


The Lower Bhimas are sandstones and skalcs, laid down in a graduaJly 
deepening sea^ The middle division,, consisting mainly of ibnestones. 
was deposited in deeper w^aters, probably as chemical pediments. At this 
pericKi the basin of deposition attained its greatest extent and depth, for 
some of the beds overlap the earlier Ehimas and lie directly on the gnei^. 
The upper division points to the contraction and shallowing of the hasin, 
the deposits being mainly shales. 

The eastern and southern parts contain only the lower and middle 
divisions w'hilc the upper divdsion found in the north and west^ The 
deposits are nearly hori^ntal or low-dipping over large areas bnt show 
high dips an<i evidence of disturbance in the neighbourhood of some faults 
and at the junction with the I>eccan traps. 

The Bhimas are devoid of fossils, though the OQnstituent beds are 
Well suited to the presentation of organic remains* The Kaladgis (w^hith 
arc referable to the Cuddapahs] lie to their west but now'here in contact 
with them. The lithology^ horizontal disposition and uimietamorphosed 
nature of the Bhimas point to their being the equiv-alents of the Kuruool 
formations. 


SUU.AVAI SLRIRS 


There is a group of rocks called the Sullavai Series in the Godavari 
valley consisting of slates, quartzites, sandstones and conglomerates. 
They ate well exposed near Sullavai and in the Dewalmari hUls, where the 
quartzites recall the appearance of the Pinnacled Quartzites of the KumooLs. 
They have a thickness of L200 to 1,600 feet, and overlie the Pakhals un- 
conformably in the syndinaJ folds of the latter* 


CORRKL-ATION OF THE VINDHYANS 


Tlie \'itidhyans are devdoped tn two main areas : one compiles 
the Vindh^^ns of Rajasthan and Central India w^hidi are continued to the 
^uth of Bundelkhand ajid into Bihar* The lower part of the system 
contains some marine deposits* including limestones, while the upper 
part consists of shallow-water deposits partly formed in a semi-arid climate 
represented mainly by red sandstones and shales with w'hich gypsum is 
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occ^i^Dally associated. The other is the Cuddapah basin in the Maclnis 
and Andhra Slates where the Kumool System is develoi^wd ; this comprises 
marine sediments whicli are regarded as the equivaients of the Lower 
Vindhyam. The Vindhyans of Sortbem India have yielded only a few 
primitive fossils. 

The Cambrian formations of the Salt Range, especially the ' Purple 
Sandstones bear a striking resemblance to tlie Upper Vindiiyans of 
Central India as pointed out by C. S. Fo\ (Ref. GS.I. L?CI. p. 173. 1929j 
and to some Strata in the Cambrian Hormuz Scries of Iran, ft is not 
possible to consider the formations in these different areas as anything 
more than rough equivalents in geological age, though they art strikingly 
similar in lithological characters. 

Deposits of about the same age are to be found in the unfossiUferous 
ancient sediments of the Extra4»cninsula which are generally assigned to 
the late Pre-Cambrian. These probably include the Jaunsar Series, part 
of the Haimanta System of Spiti and part of the Buxa Series of Bhutan, 
[n northern Kuntaon the formations consisting of conglomerates, quartntes 
and dalomlles. found in the Ridam Pass between the Lissar and Gon 
valleys, and resting on the Martoli phyiiites, have been called tlie Raiam 
Series by Heim and Gansscr. 

The Ralani Series consists of basal conglomerates, quartrites and 
dolomites. The conglomerates contain quartz pebbles up to the size of a 
man’s head in ted or black sLIkeous ground-mass and attain a thickness of 
100 metrts. They pass upwards into grey, purple and green massive 
quartzites 500 to SOD metres thick, overlain by orange coloured massive 
dolomite 50 to i 00 metres thick. iTie Raiam Senes is exposed only in 
the region between Milam in the west and the Lissar nver in the east. 
It is considered to represent partly the uppermost IVe-Ciimhrian and partly 
the Lower Cambrian, thus eortespondti>g roughly to the Vindhyan System. 


ECONOMIC MINERAL DEPOSITS 

Diamond.—For many centuries past, diamonds have been won from 
the Vindhyan and Kumool formations. They arc found as pebbles in the 
Banganapalli group of the Kumools and in the eongtomerates scjruirating 
the different series of the Up|>er ^’indhyal» in the Fanim State of 
Central India, as also just oiitsidc the Cnddapah basiri in SaiflbaJpur m 
Orissa. The original source of the diamonds which came to be deposited 
in the conglomerates is not known, though it is thought that they may 
have bfion deriv'ed itotn certain volcanic rHJcks^ 

The volcanic neck at Wajra Kanif, south of Guntakal, is a slightly 
depressed area containing a weathered rock supposed to look like th* blue 
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ground of KimberkVi The neck is .about a square miJe in area amidst 
epidotc-beaiiug granite gneisses. The rock of the n<!t:k is an altered 
greenish rock, agglomcratic in nature, cornposed of tnatted chloritCK a 
green talcosc mineral and rounded and angular fragments of a harder 
rock and traversed by veinleU of calcite. The liarder pieces cotisist o£ 
hornblende derived from augitCK kaolinise<l plagioclase and a finv cr^'stals 
of olivine. Mr. P* Wmkayya, an amateur geologist, who lived for many 
years at Gooly and took keen intefL-st in diamonds found in the neighbour- 
hood, has stated that he hits found a piece of epidote-granitc with a cr5=3tal 
of diamond in it and that the granite was the source of the diamond. 
as the Banganapalli conglomerate (knawn to bo diamond-bearing) mu.st 
have extended over this area in former times, Bruce Foote thought that 
the diamonds found here were dejived from tliat congiomeitUe. The 
Wajra Karur region is stiSl reputed to yiekl occasional diamonits to diligent 
searchers w^ho visit and comb the area after the rains each year* In fcmier 
centuries there was much activity in this region in si-arch of diamonds 
as evidenced by numerfjus ctusbii^g platforms and enormous amounts 
of cnsshetl debris strewn around them. Details of oUl diamond vi-orkings 
will be found in the WTitings of V, Ball, who has also summarised the in¬ 
formation in the volume on economic geology in the MaJiual of the Geology 
of India by Medlicott and Blanford. 

\\ Sp Dubey' recently reported that the circular area of diamond-bearing 
rock at lilajgaw'an 12 miks S, \\\ of Panna town is re^illy a volcaiuc pipe- 
composed of material closely resembling Kimberlite-tuff (QJ.G. M.M.S. XX, 
pp. 1^6,1949). The pipe is said to beol pre-Kaimiir age but surroiinde<l by 
the Kaimur Sandstone. Tliere is much clayey tuffaceons material in the 
pipe associated w ith altered serpentinous rock whose chemical couiposition 
is very close to that of Kimberlite. Both this pipe and the ’V indhyarr 
conglomerates found in a large area in the ncighboitrhLKid yield diamonds, 
which are w orked, giving a small output. 

Llfnestone. — The limestones of the Aundhyans are amongst: the 
most important souiros of raw materials for the lime and cement industry^ 
in fndia—fr^,, in the Son %'alky in Bihar and UJ\, in Rewa, in Jabalpur 
in Guntur (Andhra) and in the Bhima valley in 1 lydcrabad.^ 

The Narji limestones of the Guntur aud Kuri^ooE districts aje capable 
of yielding excellent building stones. The flagstones quarried near Jammaia- 
madijgii, Yeiragtintla {Cu<ldapah district). Betamcherla (Kurnool district^ 
and other places, popularly known in Madras as ' Cwddapsih slabs ' arc 
widely used as paving stones, fence st6nes, steps and table-tops. These 
" Slabs * are derived from the Jaminalamadngu and Kundair formations^ 
of the Kumools, . Tlacy arc easily spUt into slabs half an inch to four inches 
in thickrte^ and up to 8 lect by 4 feet in size. They are fine-grained cal- 
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careous slato capable of taking a faitly good polish. Similar slabs arc 
worked at Sbahabad in Hyderabad. 


Building and decorative stones —Some of the limestone of the 
I.ower \‘indhyan and IjOwer Bhandcr stages show spherulitic stnic Hires, 
the concentric shells of which display different colours. Beautifiii stones 
of this kind, found at Ssahalgarh near Gwalior, have been used in the inlaid 
decorations in the buildings of Agnt. Some of the buildings of t'hitor- 
garh have been built of N'inibahem limestones,. The limestones of the t'alnad 
region (Guntur district), particularly the Xarji limestones, arc excellent 
building and ornamental stones, some varieties with deep re<i, cliocobite. 
green, cream and grey tjolours yielding very attractn'C fine-grained marblt^. 
These limestones have lieen used in the Buddhist sculptures of Amaravati 
in that district. 


The white Vindbyan sandstone of Khatu in Jodhpur yields an excel lent 
flagstone eminently suitable for delicate carving and making the perforated 
windows and stone screens common in the buildings of Rajasthan. Ex- 
ejuisite Carving have been execiitctl in the sandstones from the Mirsapur 
<)istrict and used in the dargah at Maner near [Jinapom and in the architec¬ 
tural monuments at Sasaram and other places in U.P. and Bihar, 

The Vindbyan saiid.stones, especially of the Bhander Series, constitute 
a great storehouse of excellent stones which, because of their regular bedding, 
uniform grain, pleiising colours, easy workability and diirahilit>-, have boen 
very extensively used ail over Northern India as building stone. They are 
worked in many areas in Bundi, Kotah, Dholpur, Bharatpur, Jaipur, 
Bikaner in Rajasthan and iiii Mirsapur and other areas in U.P. The stones 
have creanv light grey and red colours and may show streaks and spots 
of red or creamy tints. Some are thin bedded, yielding slabs, others thkk 
Ix'tided. suitable for columns and beams. They have l*een used in the 
Buddhist Stupas of Sarnath. Harhut and Sanebi ; in the palaces, forts 
and mosques at Agra, Bharatpur. Delhi, Ldiore. etc., and in many buildings 
in the cities of the Canges valley. Afclwr*s city of Fatehpur Sikri has 
been constructed almost entirdy of red sandstone. The mcKlern admi¬ 
nistrative buildings of the Government of India at New Delhi and even 
the war-time barracks have used them extensively. They arc so adaptable 
that they have yielded stones for paving, panelling and roofing for window 
and door sills, beams, pillars, fenceposts. milestones, telegraph poles, 
fountains, water trough and for many other ws«. 


The Auk shales in the Kurnool district yield good fire-clay^ and yellow 
ochres. Near Banganapalle, the shales contain some beds of rather impure, 
slightly clayey chalk. 
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Sand- —Some Vmdhj'an sandstones near AllaKabadp U.P. 
on disintegration by weatherings yield good sands which are being used for 
the manufacture of glass. The deposits occupy an area of over 100 sq, 
miles and extend into the neighbouring Slates. If specially purified^ 
some of these sands can be used also for optical glass maniifacture. 
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CHAPTER IX 


THE PALAEOZOIC GROUP r 
CAMBRIAN TO CARBONIFEROUS 

THE CAMBRIAN SYSTEM 

I'ossilifcrous marine Palaeozoic rocks are al»ent from the Peninsula 
except for one or two small patches of Lower Pemiian age near Umatia 
in Rew'a and possibly also a part of the Upper Vindhyan which may be of 
Cambrian age* The Cambrian System has Ixwn studied in the Salt Range, 
Kashmir and the Spiti Valley where it is represented by richly fossiliferows 
beds. 


SALT RANGE 


Of the three areas mentionetl above, the Salt Range is the mrjst easily 
accessible Wj-nne studied the region over 70 years ago and msmy geolo¬ 
gists have followed him during the years that have elapsed since then. 
The last to make a comprehensive study E.R, G« who mapped the 
Salt Range an<l the neighbouring region during the thirties of the present 
century. Before proceeding to describe the stratigraphy of this region, 
it would be advantageous to five a brief description of its geographical 
and structural features* 


The Salt Range constitutes the southern edge of the Potwar plateau 
between East Longitudes 71 ‘ and 74". The northern limits of this pUitcau 
are formed by the Kalachitta hills, whUe the eastern and western limits 
are delineated by the rivers Jbeltun and India. The Salt Range forim a 
series of irregular ridges which arc con%'eji towards the south, overlooking 
the Miamvali plains. These ridges attain an average height of 2,500 to 
the b«h«< I»i«> «.»=. (JZ-32- :7I-S6-| 4,»2 

feet above sca-level. The more important ot the ndges are aaincti Ihe 
Chambal, Nili, Rohlas. Pabhi, SaJtcsar, etc. Though the Salt Range tw- 
minates at Mari on the Indus, th* fonnathms are ™ 

Indus where the rocks have an E.-W, trend mthe Chichali and Shmgar 
ranges. Further west the trend v«rs to th* south forming ft “ 

ranges which are convex to the east and south and which 
Msddan. Marwat, (NUaroh). Sheikbudm and Ehattani Ranges. The Khasor 
Range lies between the Indus river and the Marwat Range. 
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The Silt Range is a highly disturbed folded and faulted structure 
whose southern face is an ov'er-fold thrust towards the MlRnwali plains^ 
Its northem side consists of gently dipping strata merging into the Pot war 
platean which, for the most part, exposes SiwaJik and ^[urr<!i^ strata. The 
sontheni face of the Salt Range prestmts a series of escarpments rising 
abnif^tly from the plains anil exposing Cambnan strata and a fairly conti¬ 
nuous succession from the Permo-Carboniferous to the Eocene^, There 
an.' numerous cross-faults along which block faulting has taken place. 
Sevend ravines cut the range in a radial direction and some of iht'Se un- 
■ doubteilly follow' zones of faulting. 

The arcuate form of the Salt Range is to be" attributed to the great 
Hiiniilayan movemeoLs which compressed tlic strata and made them How 
-over some distance towards the south, the eastern and w^estern ends having 
been held hack by wedges of ancient rocks w'hkh lie underneath and which 
may called the Kashmir and !klianwali w^edges. Outcrops of ancient 
rocks belonging to the Delhi System are found near Sarghoda 
: 72" 40") and in the Chiniot and Sangla lulls not far from the eastern 
end of the Salt Range, 

The Potwar plateau is occupied partly by the Soan (or Sohan] Syncline 
filU'il with Tertiary' sediments having a width of some 50 miles. The 
iateiisiiy of folding and faulting increases tow'ards the north W'here the 
^xjmpnession Was most intense, as shown by Pinfold {Rec. 49, pp. J 37-159), 
who distinguishes the following zones from north to south. 

|. KalaiUiitta Aiitii:liu<rriii[ii 

1. I»octEtial Zone 

3. Faulted Zone 

4. Anticlinal Zqhc 

3, Soan Syiie1in« 

This region has been studied in some detail, and several boreholes have 
been put dowTi in it in search of petroleum. The so-<alled Isoclinal an<i 
Faulted Zones reveal the presence of nufiierous strike faults, giving a false 
impression of isoclinal structure because of repetition of strata.. VY.D, 
Gill (1953) has showm that the Isoclinal Zone is a misnomer and should 
really be included in the faulted zone. A few anticlines in this area are 
petroliferous, c.g,, Khaur (33" 16' : 72" 27^). Dhuban l/ : 72"2r) and 
Joya Mair (33* K ' 72"" 45^). To the south of these is the S^mclinal Zone which 
narrow’s in a westerly direction, being narrowest betw'een Kalahagh and 
Kohat where some of the folds close up. The axes of the structures have 
a general E.-W. trend, but may be X,E.-SAV. in some parts of the area. 

The Kohat region to the north of the Potwar plateau show's a very 
complicated structure in which Eocene and ^tesozoic rocks arc brought 
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Up in anticlines. IjOwcf Eocene nocks are present undemcatti where they 
fire not exposed, for small amounts of oil, apparently derived from l^riwer 
Eocene limestones, are found in the rock-salt of Kohat. The highly dis¬ 
turbed rocks of this belt continue westwawb across the Indus into the 
Sam ana Range. 


STRATIGIUE'HY 

The oldest beds exposed in the Salt Range ane of Cambrian age 
as some of them contain trilobites and brachiopods of thb age, They are, 
in several pboes, directly underlain by saline marl with Iwls of gypsum 
and rock salt. Upon them rest marine strata ranging in age from Upper 
Carboniferous to the Eocene. The siKCission becomes more complete 
as one proceeds from east to west. The Upper part of the scarps is comjxjsed 
of either Permian or. Eocene limestone. WTien foltowed from the top of 
tlte scarps in a northerly direction into the Potwar plateau, the Eocciift 
strata are overlain soccessively by the Murrecs and SiwaJiks, 

At the eastern o.stremity, near the Jhclum river, the Eocene bed-t 
rest directly on the Cambrian. Some dbtanef to the west, the Olive 
Scries of Upf*er Carboniferotis age api'ears as a thin bcfl and bcconiea 
gradually thicker further west. Tile glacial botUder beds of Talcliir age 
and the Speckled Sandstoites are first seen near Kliewra, while in the Nila wan 
ravine, about 45 miles from the eastern end, the Product us beds make 
their lirst apj^carance. The places which have gi%’en their names to tins 
stages of the Productus limestone occur at different distances west of 
Silftwan {Siln VVahan). The Productus b«ts attain their full devdopmeiit 
near Kundgtiat f25 milts west of Nilawan ravine} where Triassic berk first 
appear. A little further west, near Amb, Jurassic strata arc to Ik seen. 
This gradual thickening and the fuller succession of marine strata in the 
west indicate that the sea graduttlly rctneatctl westwards tluring their 
deposition and that it W‘as deepest in the west. A schematic section longi¬ 
tudinally along the Salt Range is given m fi|piro 1. 

There are four important stratigraphic breaks in the succesion in the 
Salt Range—the first between the Cambrian and the Talchir horiwn, 
the second below the Upper Jurassic, the third below the Eocene and the 
fourth below the Muirees,. The general stratigraphic succession k given 
in Table 23. ' ' 

The Cambrian sediments include Purple Sandstones which are con¬ 
sidered as deposits of a semi-arid dimate. and also dolomites, some fossili- 
ferons shals, sandstones and shales containing salt pseudomoiphs. These 
aK all r^arded as marine deposiU, laW down generally in shallow waterv 
There are no beds to represent the Ordovician. Silurian, Devonian, and 
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Lower Carbon ifcroiLs ages, Gtaciai boulflerbeils of Taicbir age rest dircctJy 
over the Cambrian strata and are stjcccwlefl by shales and sandstuncs 
containing loaf imprcssioiis and spores of plants, and by the Eurydesma 
and Conularia bwis* The ttiadnd fajdes cuntiniieij Emd Speckled Sandstones- 
and Lavender Clays of l^irmian age were then deposited^ The basin of 
tleposition then became deeper and the Productns Liinratones wore formiid. 
The Upper Permian is marked by sandy caJcareoits materials indicating 
shallow water deposition. The Ceratite Limi^tono of Triassic age w^is 
then depositctl and the sea was grftdually regressing westw-ards. The 
Upper Triassic hfls as wdJ as the Kingriali Dolomites are of shallow water 
origin r Then followed a short pcrioil of sub-aerial conditions when latcrite 
was formed on the surface of the exposed beds. This underlies the \"ane¬ 
gated Shales of Jurassic age* The Upper Jurassic is fcptx^^nrrd by the 
fossiliferous Baroch Limestone, A slight break, markeii by broken shell 
fragmentSp intervened between these and the succeeding Ltelemnite beds 
of Lower Cretaceous age which are shallow water formations containing 
ghiuconite. The Belemnite beds a^re present in the w^r^tern Sidt Hange 
and also in the Surghar Range. They are succeeded by massive san*lstones^ 
with intejc;dalbn5 of tarhonaceoiis shale containing |danls and molltisca. 
The earth movements of the Upper Crctacciius brought about a retreat of 
the sea to the west and north, but the presence of Maestrichtian fossils 
in the w^estern Salt Range indicates that such retreat was not complete. 

In the early Eocene, estuarine and shallow whaler conditions prc^ailed^ 
but this was preceded by a short period of sub-aerial weathering as indicated 
by the presence of LTsterite. During the early Elocene some coal seants- 
w^ere formed in the western Salt Range, Over the greater |Xirl of the 
area, however, the Ranikdt period was one of extensive marine conditions* 
but towards the end of that period there was a r^ession of the sea in 
several places, Marine conditions arc again indicated during the TnakL 
period, but bi the northern l^Jtviur region, the Ujiper Laki saw the depositipn 
of rock-salt, gy^psum atid dolomite. The Chharat beds (Laki to Middle 
Kirthar) are mostly of fresh w^ater origin containing vertebrate and moUus- 
can fossils. They overlie the Sbekhan Limestone of Upper Laki age and 
are followed by tlie massive Kohat Limestone of Middle Kirthar age and by 
the Sirki Shales of Upper Kirthar ^e. Gypsum beds aro here intercalated 
with Meting Shales {Laki) and with red and purple sandstones of Lower 
Chharat beds. Earth movements seem to have taken place at the end 
of the Ranikot times* when a ridge W'as formed in Wa^iristan, for there 
are no Laki beds there* Laki beds are, however, found on both sides of 
that ridge but they are somewhat different from each other. The Kohat 
side luxame a closed basin during the Laki times and received water? only 
intermittently in the w^estem and southern parts so that conditions for the 
deposition of gypsum and salt were present, as in the Bahadur Kliel area* 
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Anothi^r marine incursion took place in the Upfier Kirthar when limestones 
iind slu^iles were deiwstteti in the narthem Pot war area. 

The strong earth movements which tiwk place at the end oi the Eocene 
u|>lifled the northern regions. Uurr^t strata were then laid down during 
the Oligocene and Miocene titiiRS in the brackish waters of the foredeep 
wdiich was formed in front of the rising mountains. The ^lurrees are 
overlapping the Laki beds in some places. During the sncceeding 
]H^riod. the Siwaliks were laid down in the same basiiiife aitd the waters 
in them w'ere gradually becomiug fresh. The large thickness of the coarse 
sciliments in the SiwaJiks itidicate that the basins were depressed tea keep 
pace with the de(X>sitioii. 

It may be noted here that the Saline Series in the Salt Kai^e consist 
of three stages : a lower Gy|ifitirti‘DDlomite stage containing beds of 
gypsum, atdwdrite. dolomite, variigated gypseous clays and oil shales ; 
a middle Salt Marl stage consistuig of rctl nwl w ith thick scams of rock- 
salt ; and an upper Gypsum-Dolomite stage consisting of massive white 
or grey gypsum and dolomile with oilshales. A thin bed of decomposed 
diat^ase callwl the Khewm Trap is found in the upper stage . In the Kohat 
region, on the other hand, the Saline Scries consist of tw^o stages^ the junction 
between the two being considered as tectonic by Murray Stuart fl9l9). 
The lower stage consists mainly of rock-salt with at least six seams rd salt 
having a tliickness of 750 feet or more, while the upper stage contains 
gypsum, dolomite, impure limestones, green shales and oil-shales, having 
a thickness of about lOO feet. The salt beds in the Kohaf region occur 
fairly regularly along the cores of anllclines and faulted folds in Eocene 
rocks, often accompanied by Meso?.ok rocks. Table 24 shows the Cambrian 
succrasion in the Salt Range consisting of five scri« including the Salt Marl. 


Taple 24—C.%iinKfAN Succession in the Salt Range 
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SALT MARL OR SALINE SERIES 

The Cambrian succe^ion, which is wclLexposed in the {Eastern part 
of tl^e SaJt includes the Salt Marl as the eldest member. It is a 

mi.^turc of powder^^ fine-gmined marl and hue red sand, which when dry, 
has the consistency of red brick. The material is soft and homogeneous 
and does not contain coarse sand or pebbles. The marl, when tn?ated 
with hydrochloric acid, effervesces strongly/leaving a residue of red mud. 
The marl forms a practically unstratifted mass, conspicuously red to 
dull purple or maroon in colour, and contains grains of sendinm chloride, 
gTp^psum and carbonates oJ calcium and magn^ium. Indications of strati¬ 
fication in the marl arc given by the presence of layers of salt, gypsum or 
dolomite. Though no bedded structure is seen in general, sections in thcr 
niines sometimes show liedding and contortions of the layers. Occasionally^ 
there are green and grey elongated streaks and patches in the marl. There 
are also anastoiuising and filmy stringers of gy^psiim in the niarl indicating 
the tendency of the g>T®um to segregate. The dolomite in the marl forms 
honey-combed tumps and it has been pointed out by Middlemiss that 
there is complete gradation between the lumps iind the streaky patches. 
The inference is that these patches are the result of disintegration of the 
layers of dolomite and their assimilation by the marl. The dolomite first 
becomes dotted with punctures which gradually become enlarged to produce 
a boncy-combed or spongy structure, the holes being filled with gyfffiijm. 
In some places bituminous shale is found in the upper division of the Sallue 
Series, and there arc also thin beds of highly altered purplish trap (diabase)^ 
The layers of trap may attain a thickness of about 10 feet. 

.As mentioned already, the Saline Series in the Eastern Salt Range 
can be divided roughly into three stages. The lower division consists 
mainly of g>'psum, anhydritep dolomite and clays with a thickness of at 
least 750 feet. The next division which contains thick masses of salt and 
red marl reaches a thickness of BOO feet in places. The upper stage, con¬ 
sisting largely of gi^psum and dolomite with some oilrsbales, has a thickness 
up to 200 feet. 

The Saline Series is best developed at Khevira in Eastern SaJt Range- 
where the lower portion shows beds of pure rock-salt which Ls colourless- 
to pale pink. The impure earthy bands included in the salt arc locally 
called kaUar^ The upper portion contains numerous kai^^r intercalations 
and the nKk-salt show'S the presence of sulfbates and ctlorides of magnesimm 

Gypsum. —The g>T^um in the Saline Series b generally pure, but it 
might sometimes show^ a gradation to ILmestone and dolomite. It is compact 
and massive to saccharoidal, white, gicyp dark bluish grey or pink and 
sometimes even variegated. Plates of selenite are occasionally foundj. 
while in some i^ses the interior of the mass may consist of anhydrite. 
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The beds are often itiassive with obscure bedding or vague contortions. 
Though the bedding is generally parallel to the surface of the underlying 
salt, it does not follow the structure of foliation of the saJt, The beefs and 
lenses of gypsum contain excellent small doubly-terminated c^-stals of 
quartr. as at Mari, Kalabagh, Sardi, Khtissak, Kaua, Saiduwali, etc. These 
cr>Titals sometimes contain inclusions of anhydrite from which it may be 
inferred that much of the was originally anhydrite or that the 

inclusions were converted into anhydrite during the l^he 

cpiarty. 

Salt,—The beds of rock-salt are often massive and may sometimes 
be as much os 100 feet thick. The salt is pink to white in colour in the 
Salt Range with rare greyish patch<^, the different showing different 
degrees of transparency. In some places the material is translucent or 
even almost transparent. Where there are altemiiting hands of different 
colours^ a stratilierl appearance is produced, though the bands arc generally 
lexitictilar in shajie* Irregular bedding, flow^ structure, otHitortion and 
schistosity can he seen. Individual lenses of salt are often several 
yards Jong, Minute folds may he seen in the salt, particularly in 
the associated layers of salt marl or g}"fjsuin. The toreign materialSr 
contained in llu- salt* such as qnarti^ grains, clay and dolomite, are generally 
kneatled out and form streaks and bands elongatutl in tlie direetton of the 
flow, Murray Stuart considers that these foaltircs are similar to thew 
found in gneissic rocks due to compression and thrusting, 

Stuart has also called attention to the fact that the salt in different 
parts of the Kohat and the Punjab Salt Ratige regions belongs to different 
stages of crystallisation. The Kohat salt of the Trans-Indus region show^j- 
thc prr^nce of calcium sulphate but not of potash or magnesiutn &?tlts 
and therefore belongs to an early stage of deposition. The salt of KalaKigh 
near the Indus contains traces of potash and magnesEum which become 
more pronoiincefL at Warcha, while that of Khewra and Nnqmr m the 
Fas tern Salt Range contains less magnesium and more potash than the 
W'archa salt. The more common ingredients in the sak arc sylvite {K Cl),, 
kicserilo (Mg SO* 11*0) and langbeinite (Kj Mg, (S 04 ]^, 

The rock salt is worked in a number of places akmg the southern Iac<? 
of the Salt Range, for example at KhewTa, Warcha, Katahaghn etc. In 
tha Ma)'o .Mines at Khewra, there are four or live beds of salt w^ith an 
oggregiite thickness of over 200 feet. 

In the Kohat region the salt Is generally grey in coluur and contains 
more insoluble matter than in the Salt Range but lesa of other saline 
constituents. The Kohat salt is generally sheared and schistose and can 
easily be split w ith implements and tb^^refore does nut need much blasting: 
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as the Salt Range sail docs. The grey colour of the salt is probably due to 
a small amotint oi biturninous matter eontainod in it. 

According to Pinfold, there arc certam differences between the strati- 
grapity ol Kohat and Salt Range areas, though in both areas salt, gypsum 
and dolomite beds are associated^ The Saline Scries ot Kohat is divisible 
into two stages as against the three in the Salt Range and the Kohat Series 
is considered to lie of I^ki to lj:>wer Kirthar age, 

Orlfltin of the Saline Series —The great dtstnrbance md complexity 
‘Of structure seen in the Saline Series was explained by Qldham as due to the 
metamorphisrn of pre-existing rock Uy the action of acid vapours, flotomitep 
.limestone anfl shale are believed to have been attacked by va|iours and 
solutions of sulphuric acid and hydrochloric acid, giving risv to a marl 
•containing some remnants of the Ciilcareous rocks together wdth the gv^psum 
and common salt prothiced during the process, t. S, Middlemiss sugge^sted 
that the salt marl and the salt were probably of the nature of a hypogene 
intrusive. H. H. Pascoc thought that the series was of sedimEnlarv' origin 
and of Tertiary Age, and that its anomalous position below the Cambrian 
in the Sail Range was due in thnisting, W. A. K. Christie was of the 
opinion that the Saline Series was similar in all rt^psets to the sediment a r>' 
salt beds fonml in other |Kirts of the world and that the marl belonged to the 
last pha.se of desiccation of an inland sea basin. He also held that the well 
known plasticity of salt under pressure w'as respi>nsjblc for the oblitefaitoa 
’Of tlse bedded character and for its aetiiitring lonticnlarity and How structure 
seen in several places, ft may therefore be concluded that the Saline 
Serit's is of scilimentary origin anti that the |jeculiar structures exhibited 
by the beds, are the result of intense tectonic distiirbanc.'s to which thsy 
were subjtjctcd, 

Fosails. —The sail marl and the salt hnvu not yieliiiMi any ni'JitasHjpIc 
fuigsils and it is only the limEstones that ha vs occasionally sliawn .Vhw- 
fHutiies and other fomminifera of Eocene ag¥. Gee reparted that Eocetic 
foraminifera were discovered in the Salt Marla (Rtc, 65, pp* 32. W, li7J. 
In the Jaba nala area of Daud Khel, N'urnmuiilic Itmestone with foasils is 
seen to paas aiong the strike into massive gypsum (i?rc. 69. p. *3), 
Beds of gypsum have also been recorded as intercalated with foraminiferal 
limcatonre near Bahadur Khfl (firf. 65. pp. 113-114), Davies and Uariia 
(1919} found foraminlfcra within the e>-psiftctl nummulitie limestone in the 
gj’psuin-doloniite stage at Bahadur Khel. 

Carbonised remains of plants have been found in the Salt Marl of the 
«pper part of the SaEne Scries in the Dondot and pewra warps (/?«. 66. 
p 117) Similar plant fra^ents were also found in the shale Iwnd inter¬ 
calated'with gj’Ps™i ‘he Kilawan and in tire scarp north of Dhak. 
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B, Sahni and Us associates have carefully examined the various^ 
members of the Saline Series for their mitro-fDSsils+ They state that they 
obtained the samples of matedals to be tested from mine workings and 
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borehole cores and took every care to assuttj that there was no contami- 
nation from extraneous sonrea* All the samples of marlj rock-salt, 
gypsum, dolomite and even bituminous shale were found to contain micro- 
fossila which consisted of shreds of aiigiospertnoas wood, gymnosperm 
tracheids, grass-like cuticles and chitinous parts of insects, f n their opinion 
these micro-fossils could not be assigned an age as early as Cambrian. 
Fox has advocated the ^iew that these plant fragments could have l«*n 
carried down into the strata of the Saline Scries by percolating waters and 
could have been incorporated from exposed materials during the movcnieni 
of salt along fault planes. It is, however, difficult to imagine such solutions 
penetrating into bods hdiig at a depth of ses'cral hundred feet, now m* 
coimtcrtd in fresh mine openings or drill-hole cores. 

Afte qf the Saline Series —The age of the Saline Series of the Salt 
Kangc has been a matter of contro'Versy among Indian geologists for many 
years. The wqrk of Wynne (IS78) led him to the conclusion that in the 
eastern (Mrt of the Salt Range the Saline Scries was of Cambrian age, as 
in several sections here the Saline Series underlies thi- Furpic ^ndstone. 
Wynne al« expn^sed the opinion that the salt in the Kohal region was of 
E(^ne age. Many years later, Koken and Noclling expressed the opinion 
that the Saline Series of Salt Range was also of Eocene age and its position 
under the Cambrian succession was due to thrusting. This hypolht.>sts was 
supported by ^fuber and Holland (1914) and later by I>a.scor (1920). ik veraf 
other geologisLs have also made contributions to this problem and amongst 
them may be mcntionctl Midilleniiss (1891). Murray Stuart (1919), t hristie 
(1914), pinfold (1918), J>avira ntid Wadia (1929). Fox (1928), Andenion 
(1926), and Cotter (1933). This was the subject of two symposia held under 
the auspices of the National Academy of Sciences and the Indian AcacU-my 
of Jkienccs in 1944 and 1945 (Piiblishtrl by the former in 1944 and 19461 
in which several gixdugist-s took (lart. The Salt Range and Kohat areas 
were map|Kd hy li. R, Cice of the Geological Survey of Indiii bctw«>n 1930 
and 1940 ami the results of his work have appeared in several vxitnmunicatwins. 

In the Cis-Indus region the Salinf Series apimars at various stratigraphi- 
cal horizons hut mostly below the Cambrian sctiuence. as for instance, 
near Khewra and Khussak. Further west, in the Sakesar and Trediait 
hills, it underlies the Takhir boulder-bed or the Speckletl Sandstone, and 
the Taichirs transgress on the various members of the Cambrian sequence. 
Middlcmiss has obscrverl that the junction of the Saline Series wit It the 
Purple Sandstone had almost always a brecciated appearance, the top of the 
marl being often full of fragments of the oi-’erlying san^tone. He stated 
that there is no interbedding between marl and Purple halftone and that 
the junction zone does not show a conformable passage of original deposition. 
The Salt Marl occupies the cores of folds and flexures in Amb, Dandot aud 
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uthcr places. In ttie Amh glen, the marl is found to underlie tlie Talchir 
bouJder bed and below it are Perinian strata in an inverted coi^dition^ 
At Vasnal, the inliers of the Saline Series necur below Nnnrmulitii: strata^ 
It transgresses on the Nnmmiditic Strata between Dandot and the Makracb 
vaJleVp while near Daud Kheh the Niuximalitk limestone appears to pass 
laterally into massive g%^pskini in one place. In other sections in Lliis 
region re<l and grey marls with g>^psum are overlain by Talchir conglo- 
mctiites. Gee states, however, that the g^^som deposits in this region 
belong to two different ages, namely. Eocene gyjispm which is massive, 
pure and light coloured with intercalation cd greenish clay shales of Laki 
age^ and Cambrian gs'^psuni which is pink coloured and contains i^iiartx 
crystals and intercalations of red and blue marl and is generally found 
below the Talchirs. The basal TaJcliirs in this area aie reported to be pink 
colopred, (this colour being attributed by Ciec to derivation from thv marlj 
and to contain boulders and pebbles of gypstim derived from the deiuidalion 
of the Cambrian gypsum beds. 

In the Chittidil-Sakesar-Amb arf?a, the Cambriati sequence with the 
Saline Series is repeated thrice because of faulting^ The Saline Series is 
overlain by the l^rple Sandstone or by Talchir conglomerates. In a 
section one mile north of Chittidil Rest House, the junction beiw^^en the 
Saline Series and the Talcbirsi k an timlL^turlK^i sedimentary contact. 
In other sections close by, the Talchits transgre>s graclually on the varioiis 
sbiges on the Cambrian Section, Gee considers the sections in this area to 
repT€'Sent ntidisturbed sedimentary sequence without any evidence of 
thrusting. He has also stated that the upper surface of the dolomite (of 
the Saline Series) gives the appearance of an eroded surface, the Ijoulders 
and pebbles derived from w^hich have been incorporated in the succEetlIng 
Talchir boulder-lwds. 

In the VVarcha area there are abundant evidences of thrusting, though 
there is a difference of opinion about the magnitude of the thrust. In the 
tunnel at the southern end of the Warcha salt mine, the rock-salt, gy|>sum 
and dolomite occur intimately associated with Recent grands. In several 
places in the Khiwvra area the junetbn of the Saline Series with the over- 
lying Purple Santlstone is clearly a disturljed one. At the eastern end, 
at Jalalputp the Saline Scries is thrust over steeply dipping ^IjJdle and 
Upl>cr Siwalik biMis whkh have been reversed, and the Sivvaliks below- the 
thrust show- evidences of hrecciation. In the KaJlar Kahar area on the 
plateau, the Saline Series Is overlain by takl IJmestone, but this is inter¬ 
preted by Geo as due to the intrusion of salt marl into this position. 

In the sections sttidicd by Wadia {1944 SympHium) n.^ar Jogi Tilla 
and DHjaba, Eocene Ijeds are found thrust over by Cambrian rocks. Though 
ro salt marl is now- exposed, evidence of its presence underneath is furnished 
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hy the SAliec springs issuing from fault contacts with Nummiilitic rochs. 
at %'arious places In the neighbourhocHl. 

According to Pinfold, there is a general consenstis of opinion that the 
Kohat salt is of Eocene age (Upper l^ki to, Li>wej Kirthar), as it is very 
closely associated with the Lower Chharat beds. The Chharat and 
associateil laxis gradually thin down and disappear when followed towartls- 
ihe soul hem part of the Potwar tiasin. The Low er Chharats contain inx- 
portant fossiliferous freshw^ater limestones which are absent in the ^t 
Range, and there are also diflerences in the nature and character of the 
salt of the Kohat aiKt Salt Range areas. The Salt Range salt could not bo 
of Eocene age in his opinion, because it has not been proved that thrusting 
has taken place on a large scale and the protagonists of the thrust hypo¬ 
thesis have not indicated the boundaries of the suptsosed nap^ie^ nor w here 
the roots of the nappe ttre. 

Against this, however, is that fact that the rocks of the Pot war region 
have undoiibterUy been highly disturbed and that the Salt Range itself 
is a part of an ovcrfold* At cither end of the Potw^ar region there are the 
prujccting w edges of ancient rocks, whmc presence is shown by the Ksishmir 
and Mianvinli re-entrtmts, and which have been responsible frjr the festoon¬ 
ing of the strata in this region* VMierc these two w^eilgcs project, the 
strata have been held hack, but in the intervening area they ha^^e been 
thrtist southwards. It is not known over w'hat distance the thrust has 
acted. It is likely that the saline beds have provided zones along which 
the more competent beds could move. The thrusting, how'ev^er^ may not 
be of such magnitude as to produce large napp^ with Tno%'ement over a 
distance of many miles. 

In discussing this problem^ Lchner (194$ Symposium, pp. 249-258) 
}Kjints out that there are saline beds of two different ages ill the Tethyan 
basin of Persia, oiH'^ belonging to the Cambrian and the other to the Miocene, 
.According to him, the Saline Series of the Salt Range is veri^ similar lo that 
of the ITormiiz Series of rarahrian age which consists of red clays with 
numerous small oystaJs of hematite, dolomite, gypsum and red and grey 
sandstone, variegated shales, salt pscudomorpb sandstone and occasional 
Trap rocks. Trilobites were found in 1915 in the shales ass€>eiated WTth the 
black foetid limestone. The Lower Fara Series of Miocene age consists of a 
low^er group of salt, anhydrite, grey marl and limestone and upj;^r group 
of anhydrite, red and grey marls and limestone but no salt. Hie Fars 
Scries which is developed extensively, from Handar Abbas to Mosul over 
an area 800 miles long and 150 miles wide, lies over the petroliferous Asmari 
Limestone of 03 igo-Miocene age and its members are folded In an extretndy 
complex way. He is, therefoTe, of the opinion that there could be tw^u 
series of saline beds of different ages^ one of Cambrian age in the Pun jab- 
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Salt Range and the other of Eocene age in the Kohal region.' Ho has also 
stated that salt-forming oonditions repeatedly occurred iu this region and 
that therefore salt could have been formed at different ages. 

ft will, therefore, be seen that there is still much difference of opinion 
about the ilge of the Saline Series of the Salt Range though most geologist 
are agreed that the Kohat Saline Series is of Eocene age. That semi-and 
conditions existed in north-western India during Upper Pre-Cambnan and 
Cambrian times is eMdenced by the prevalence of red sandstone in the 
Upper \'in<lbvaii (which may be perhaps the c<iuivalent of the Purple 
Sandstones of the Salt Range) and the presence of lenses of gypsum in 
them. <5.g,. in Jodhpur. It is, therefore, not improbable that deposits of 
salt, gypsum, etc,, were formed in a desiccating basin during the Cambrian, 
but a clear decision on the age of the Saline Series in the Salt Range is 
difiiciilt until more precise data become available. 


I'LTRPLE S.4NDSTONE 

The Salt Marl is generally ovi-rlain in many places in the Eastern 
Salt Range by the Purple Sandstones. These are massive fine textured 
sandstones having buff, dull reil and maroon colours. Sometimes they are 
flaggy' and can be split into rather thick slabs, particularly near the basal 
portion of the formation. The sandstones are up to 450 feet thick in the 
• east and 200 feet thick in the west. They show current-lading, npple- 
marks and other evidences of deposition in shallow w'atcrs in n rather arid 
climate. The lower beds are sometimes shaly and occasionally flaggy. 
The Purple Sandstones are entirely unfossiliferous and can be traced as far 
west as Chidm where they are overlapped by younger beds. They have a 
resemblance to the lihander or Kewa Sandstones of the Vindhy'an System 
with which they may Ik homotaxial. There is no gradual passage of the 
Salt Marl into the Purple Sandstones and there is no inter-bedding of the 
two. 

The junction zone shows a mixture of the two types of rocks, but as 
discussed by Middlemiss {Rec. 24, 1891), the material of this zone is of the 
nature of a breccia as it contains fragments of the sandstone in the marl. 
The sandstone generally appears to be rather shattered ; first the layers 
adjoining the marl continue to keep their position parallel to the bedding, 
but are partly detached : further away the fragments of the s.'indstone 
become smaller and more and more turned in all directions. The fragments 
arc angular and are surrounded by a matrix of the saline marl. 

In the eastern part of the Silt Rang,;, up to about Musakhel, the Salt 
Marl is directly overlain by Purple Sandstone. Further wist, in the middle 
[part of the Range, as also in the outcrops inside the range and in the Trediaa 
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hills, the Ptirple Sandstones are absent and the Saline Series is directly 
o%^criain by Talchir conglomerates^ In many pliicvs them is a general 
discordance between Saline Series and the Purple Sandstones, but in a few 
localities no partictilar disturbance or cli^coidance is visible, 

MEOBOLUS Bia>s 

The Purple Sandstones are overlain by dark greenish and purplish 
shales containing intercalations of dolomite, this stage being called the 
Neobolns Beds from the fact of their containing the pnmitivc hriichtopo<l 
Ncobolus [N, urartki, N, uynnti, etc.). They are 20 to 200 fi^t thick and 
are particularly well eseposed in the Khnsak hill not far from Khewra, 
Other fossils in these shales are 

Thilopites ** Piy^kop^tiA fiihtefi, P* joAeaurrmti, 

CkiitidfUis CQM€4fih0jMi wartku 

IlKtAClUOroos " Lijijui/h amrtki^ uAJimtrtAj, j^mnuisSa, 

IHfciKioltpis j'riiHuiafa, Orikis 

PTPiiO™» ^ uyMMfv, 

The fossil assemblage indicates a ^lidiJIe Cambrian age, mainly the lower 
]iart thereof. 


MAGNESIAN SANDSTONES 

The succeeding Magnesian Sandstones prominently displaj^d in 
the scarps of the Eastern Salt Range, They arc mainly coloured 

massive doloinitic sandstones or ar-enaceous dolomites and Ihigs, sometimes 
showing fine lamination, but include also thin shale blinds of green to dark 
colour. They are 250 feet thick in Ibe cast, diminishing to 80 feet in the 
west. They show fucoid anti annelid markings and contain the Cambrian 
gastropfxi named Sienot/i^ca. 

SALT PSEUDOMORPH SHAl.ES 

th.« Magnesian Sandstones oonfonnahly, there afe hright 
ted to variegated sKaks with laminated sandstone k>’eis. The thickness 
is up to 350 feet. The ^ales contain cubic pseuibmorphs or casts which 
represent repbeement of sdt cry's'tals by day on the dtores of an enclosed 
marine basin which was drying up. The crystalline form o( the salt crystals 
is shared by both the upper and lower surfaces of each bwiding plane. 
Excellent section of this zone may be seen near Pidh. Dandot, Ntlawan 
ravine, etc. 

Parts of the Cambrian succession arc seen also in the Mari-Indus and 
Kalabagh area where the Salt Marl occurs with gypsum. The southern 
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part o( the Khasor Range, espccuUlj' a little to the nortli-west oj Saidowali 
in Dera Ismail Khan district, shows a tbitk sequence (400 feet) consisting 
of Purple Sandstone, flaggy dolomite, bituminous shale, greenish grey shale 
and massive white to pink gypsum. It is not known bow' tniich of this is 
Cambrian and how much post-Cambrian, but at least the lower* part is 
presumably Cambrian, 


KASttMIK 

Palaeor^ic rocks are exposed on the northern flanks of the anticliues 
trending in a N,W,'S.E. direction from bcj*ond llundawar in llie north¬ 
west o( the Kashmir valley to the Lidar valley. Good sections are seen in 
the Lidar valley, in the Baamai anticline in the Sind valley. In the Vihi 
district and in the Shamsh Abari syncllnc on the border of the Kashmir 
valley. 

The Cambrian succession is best seen in tlie Hundaw'ar area w'hert 
the Dogra Slates are conformably succeeded by day slates, grej'wackes 
and quartzites containing annelid tracks and some badly prcserx'ed organic 
remains which may be of Lower Cambrian age. They pass upwards into 
thich-bcrldeil blue claj^s, arenaceous clays and thin-bedded fossiliferous 
limestones. The fauna is particularly rich in tKlobites : 

TriCobitcs: sp., Conoeorypit /raMgleafensis, TvHkiietla kashmirifO, 

Murtuliitui *p.. Anemixitrt 

ttllACHIOI^iis: AtrotUlf ad. SufcrirflU, DSatui ^astnrjnrM, LiHCtU^Il^ sp., Aofj/wdia 

C^. C&ehftff, 

Also the Ptcropod Hyolitlus and the cystid Eu€ys(ii^. 

CovrpcT Rt.*cd who has described the fauna hid, N.S. XXL Mem. 2 
19^34) states that it is largely endemic and that it has affinities with the 
Cambrian fauna of Indo-China, Northern Iran and North America rather 
than with that of Spiti or the ^t Range, 

In the Sind Valley, \'ihi and Banihal areas, the Cambrian is either 
absent or h represented by disturbed .and foliated shales and slater without 
identifiable fossils. 


Tethya Hlmalayaii Zone 
SPITI 

Hntmanta Systcrri. — Beyond the cr^^talliitc axis of the Himalayas,^ 
in the Spiti valley anti the neighbouring region, there is exposed a great 
synclinal basin with N.W,-S.E. axfe containing a full succession of strata 
from the Pre-Cambrian to the Cretaceous. The strata which overlie 
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the Prc-Cajnbfian VaikritA System here have been called the Haimanta 
Sj^tem. The Haimantas have been sho^^Ti by Hayden to meluclc some 
unfossilifcrous strata as well as fossiliferotis Cambrians^ and divided into 
three main divisions t 


k 

Upper—Gres' and green miaicMua 

thin ihaJes and Lgtat grejr 


dulofflite? 


1%KT 

1,200 


Hairaanta %stem 


Middle—Bright, m3 Euid blacle abiilcfi with 
SDETve quAXtiilea ■■■ 


Lnwer—PAfk alates and quartzites (higbJy 
fnTded) whicb iprebahly inchide 
some pre-Canthrian . 


1.000 


2,000—3,000 


The btxis pojlictjLarly well exposed in the valley of the Pajahio 
rivei-„ a tri,butaf>’ of the Spiti river* The lower and middle divisions attr 
utifossilifcrDUS but the upper division contains Middle and Upper Cambrian 
fossOs. Hayden was tjf the opinion that all the three dtVTsions should bo 
included in the Cambrian. 


lAtitK 25 — Pakabio River Section" of Uppek Haihantas 


19* 

IB. 

17. 

U- 

15. 

U. 

•13. 

12, 

m- 

10 , 

*9. 

S, 

•7. 

•6, 

5. 

•4 

3. 

• I 


r ,iL P . j ThieMtUir 

. iw fiti 

Conglocncmtc + 4 .+ -r-it- ■■■ r*-+ 

Quartxitei and tili£eOli£ ^ll^ .^k ■.# -.. 50 

Omy dolamite WGathcring bmwnish red Ifcri- ■■■ 20 

Flaggy taadstane^quAJt^te And siUceana ilste *H. ... ..* 40 

Grey daiomile weathering brownish red ... ... 30 

Siltceoul slates •with ffey quarUlte ixiisd^ and thin bedi oi pink 
dolomite *.* ... 25^ 

Dark mliceoirs glaies with ltagTmTttta.ry fetedd *.i. 10 

Siliceota silatei ^nd flaggy quartzitefi ... 30 

Sihceaaa and argillaceDni ilatcs with tri^biteS 

Grey alaty quaitrite capped by thin dolomite .« 50 

States silbennS abov'e and argillBceouj beLow, irith trilobitez « 30 

Dark grey quarUite .** *,* ... 60 

Pink ilmly dnlnmitic Lmcali^e^ with tritobktn ... .,* I2 

Calcareoki^ quartzite with Unguielia and trUobttes, nnclerima by 
a fMWTow band of limestone and alatm with trilobitei ..- lO 

Grey micaceous qaaTtzite with thin bands ot mim^ACbistS *i» tSO 

Slatea alternating witli murow liand-^ of limestone* with Lingulri^a 
and trilohites ... *„ ... 10 

Slate, chiefly ailkecmi, aod qnartzitn ... ISO 

Dark alate with trilobitctf ... ... 30 

Red and gwo slaty' quaxtaite with in the uppennofrt beds *.. 250 


,tSd 


Fossils are found only in the zones marketl with bji asterisk. The 
fauna Is rich in trilobitcs of which (hycioc^phaiits and Ptych&pitri<* are 
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psiTticuUrly well rqircsented. Most of the trilobite species are imt known 
clscwherCp but there is a good rescmblaiiiCe to the fauna ol western 
America though not to that of Eiitope+ The fi2i^iifefona beds range in 
age from Middle to Upper Cambrian and the fossils include : 

Trilobhes iptfitmsiJ, AftffwfCjftu Htdikkim 

mftiiiwihPry^K^tph&im iOiini^Fiy^k&pafia ipiiirmviM, 
Eit'oektyi^ P. caiuotialiSr Ca^^phaliifS mimar, 
A.momocmr€ (^njumtica, OUii»% 

Binchid|;K>dA NuKvi'd LinguUtf^t MmmmifKEiE. L. 

EptJkMiis. AcwQtTitA p#ftf4pWHj:pjp Oboitila cL 
Aeroik^t praittofu 

EcbrnDderuii sp. Pteropod: Hy^iikfE 

^ K U hi A O N 

Garbyang Series,—The Hiiimantes are represented in the regioa 
north of Kulu and in Lahaul and also in the Kuinaon Himalayms. In 
Kumaon their equivalents a« the Garbyang Series, named by Hctm and 
Gansser after the sitbge of that name in the Kali valley. They ate exposed 
over a long distance from east ol the region of the Nampa peaks to Nanda 
Devi and beyond. They consist generally of slaty to phyilitic, fine grained, 
calcareous sandstone and aigiUaccons dolomite, the latter containing 
green chloritic bands and weathering to a brown colour. The chloritlc 
bands are probably partly metamorphosed basic tuff. The Garbyang 
Scries is found to be thickest in the Kali section where it attains 
nearly 5,000 metres but is reduced to hardy 1,500 metres in the Gori valley 
above Mitain. That it is of Cambrian age is proved by the occurrence of badly 
preserved and flattened gastropod shells in the scricitic calcareous phyllites 
and by the presence of crinoidal limestone in the middle part in the Dhauli 
valley. The first calcareous sandstone bed above the Garbyang Series has 
furnished undoubted Ordosudan fossib. Hence the whole of the Garbyang 
Series is taken to be of Cambrian age. 

BURMA 

No fossiliferous Cambrian rocks have so far been discovered in Burma, 
but part of the Chaung Magyis of the Shan States, the Mergui Series of 
Mergui and also some volcanic rocks may probably bdong to this age. 

THE BAWDWIN VOLCANICS 

In the neighbourhood of Bawdwin (23" 6 ': 97* 18^} in the Tawng- 
peng State near the China border, the Chaung Magjis are overlain by the 
Fangyun beds, consisting of quartzites, grits, sandstones and shales and 



EXF%.h7lATlQS OF Pl-ATE I 

|, CiimoMphaliiMs oMrtki {faca4 shield) [2j- 2. i/jw/iiA/j (b, tnuuvenK aecticn) 

(3/2). 3- OrtAis ipariki (3/2). 4- LeMwiJM: Unguioidas (2|. 5r6. 

Witrfki 12}* 7. Ntoitolus wymnH (I). 8- Skiofpholis (43- 9. Bi^noi^pit 

grsZHMlalu (3)I 1{)- Lifl^uia irtiJtlpi (2)r EL (3^uj kmhm^kus 12. 

/ordia cf- Miatd f3/2)r 13- ConiiC^fyphi ^^jfuiuta -(J72). 14. Cifrtoecrypk^ 
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some rhyolitic grits. These grade perfectly into the Bawd win volcanic 
series and have a genera] X.W.-S,E, strike. They arc composed doint- 
nantly of toffs and subordinate rhyolites containing clear grains of quarts 

PLATE I 

CAMBRIAN FOSSII-S 
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aiul ha.^'iDg a browfi or chocolate colour. They scfca to have suflered 

mych cnjshing and at the surface ai« soft and %ht grey owing to decom- 
po^tion. The rhyolites and tulfe are probably the effusive phase of the 
Tawnj^'Ug granite which is exposed at a distance of five mites west of the 
vokanics. 

The Baiivdwin lead-zinc^iilvcr ore-body occupies a prominent fault 
and shear ssone (the Bawd win fault] which is over 8,000 feet long and 500 feet 
wiik in which the tuffs and rhyolitis have been replaccti by Pb-Kn-Ag 
ore. All gmdatiotts can Iw found from solid ore through partly replaced 
tuffs to unrcplaced volcanic rocks. The ore Is mainly a fine grained mixture 
of argentiferous galena and sphalerite with some chalcopyrite, often showing 
signs of considerable crushing. 'Hie ore-body is lens-shaped and about 3,000 
feet long and of vary ing width. It is cut up by two faults, the \ mman 
fault in the nortli and the Hseuwi fault in the south, into to s^ons ; 
the northern seetbn, called the S!mn has an average width of 20 feet 1 
the central section, the Chinaman has an average width of M feet 
but is in places 140 f«t : the southeni section, called the 
is 20 feet wide. The orC-botly as a whole strikes N.N.W , and dijis towartls 
the west, with a northerly pitch. The hanging wall is well while 

the foot-ivall is often indefinite and grades into the ooimtiy rock. The core 
of the ore-bodv is a solid mass of ore, while the margins contain incrcasi^ 
proportions of'country' rock. Thert' are also some subsiiaiy lodes m the 
ncighbourhootl which are called the Chin, Burma and Kachin lodes. 

The Shan lixle contains rather high silver, low zinc and »me ooi^f 
in the higher levels. The zinc and k-ad inercast: in the lower levels. The 
original ore reserves were estimated at over 20 million tons. 

The Chinaman Itnle contains almut 20 per cent, dne at the higher 
levels, this decreasing to 9 per cent, at the bottom. ).ead is more or ess 
steady at about 25 per cent., hut the silver content decreases from 31 o*. 
(to the ton) in the upper levels to |4 oz. in the lower levels. 

The Mcingtha lode is similar to the Chinaman lode in the upper 
but with lower Pb-Zn and higher copiwr. In the lower levels 
coppi^r with little Pb-Zn. but containin g some n xkel and co balt. The 

PtyckitfHMna 35 - P- 
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oziginal In the Cfeixtaman lode were about 7 mililon tons and in the 

Meingtha h^le alx)ut 1-6 million tons. The average ores oi the dHTerent 
lodes had the following assay values : 



Silver 

oz/tOn 

l^rad 

per centi, 1 

Zinc 
per cent, 

Copper 
per Cent. 

Shan lixle 

... 

IT'S 

21‘3 

(0 7 

24)9 

Chinacnaii lode 


21^1 

2S0 

L6d 

040 

Ifein^tliA lode 


1 13-0 

i5 2 

943 

1 97 

Oeacml av^cro|[C) ... 

... 

jfr) 
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Pi 

H35 


The ore reserve in the mines at the beginiung of 1940 were about 
3’J million tons, the annual production l>t4ng around 4€0^000 to 500.000 
tons. 

The minerals identified in the ones by Dr, J+ A. Dunn are i pyrite, 
arsenopyrite, loUingitep gersdorffite, sphalerite* chalcopyrite, cubanitej, 
tetrahedritPp galena, bonmonite, boulangeritc, pjTargyrite, ankeritc. cakite, 
quartz and sericlte. The ore assemblage points to mesothermai comiitiotts 
of deposition. In the oxidation zone were found anglesite, cerussite, 
pryromorphite. calamine, malachite, azurite, massicot, goslaritc and broch- 
antite. The mineralisation is probably connected with the Tawngpeng 
granite and is accompanied by widespread silkification and sericitisation 
of the country rock. 

The Tawngpeng granite is the plutonio equivalent of the Bawd win 
voicaiiics. Tt is found in tbc State of the same name and also in the 31ong 
Tung State tn South Hsenwi. It is a biotite-granite containing no tour¬ 
maline. Of about the same age are the siliceous tuffs oontaining -angular 
quartz fragments in a finq-grained chloritk groundmass, which occur near 
the Lagwe Pass on the Burma^Ihina frontier. 

Many of the islands of the Mergui Archipelago show granite. porph>Ty> 
rhyolite and agglomerate. The products of this volcanism have been 
depositee! with the sediments of the 3[ergui Series. There are also some 

C+ Brown : O«ology and ore dfipvsila ot Bawdwm mineir i?«- 12 I-J 78 i 

1917. 

A, B, Co^uhvtin : Tnns. Am^ rnst. Min. Eng., 2lh 1923. 

M. Hr Lawcaiui : Op nV. iSl„ 1017. 

A. B, CpIqBliDaii : Mining Mag 44, 32^331 : fJ, 23-M. Jtinc irod July- 1931- 

J, A. Hnna s A microicopin ttndy nf tbc Baldwin orra, Rw. 7S, 333-359, 

E. L. O. : A note cu the BawUwin injn«. BurniL Rga. pappr 13. 1941. 
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Iclsitcs and amphibolised ba.sic rocks which arc intnisi%"fr into the Meiqglijs 
and may be semi^contemporaneous with them. 


The Ordavidan and Silurian Systems 

‘ SPITI 

As already remarked, the Spiti area shows a full succ^ioiiof Palacoicric 
nodes. The Cambrian formations described already are overlaid by a thiek 
scries of shallow vi-atcr deposits consisting of congiomerates, {|uartrites and 
grits and these in turn by shales and limestones, this whole succession being 
referable to the Ordovician and Silurian, The lower* arenaceous part 15 
about L 500 feet thick while the upper calcareous and argillaceotis sizata 
have a thickneas of 500 to 600 foct. 

Table 26 —Lower Pai aeotoic Succession in Spiti 


Upper SdunAii 

Stulb QttHjtzite 

SUartun 

a ' 

Teel 

i. nmest™; weatbefing red SO 

7- Crrey limestone^ weathering brown, with 

brown and red tnarls ... 70 

6, cnral lEmcst™: ... 50 

, 5. ShaJy linicstonc with bmzhi’OpodJ, 

pocb and coraU 4.+ ^ 

4. Hard grey do^nmitic timsfitone ... 40 

1. Dnib lo^cy hmestinlr with eyitldi ... 4^ 

Z Park foetid Iinwtom? with trihstiiti** and 

braiduopoda ... ... 30D 

1. ShaJy and linn^hltnNr with plarna 

and OflAii ... ... 150 

0. Flaggy and «tJi«oiu aluile* 

panlag dawn into ird qiaartxitra with 
congloinetatrt at bate (ynfouiUferout) 1,500 

OtdQyicUm 

Upper (and partly Aliddle) 
Camb^an - ^ ■ - i- 

alalj^s. qyaiA^tci, cie. ... .., 1,200 

Lower Cambriaq 

Red and black ^tca and quartotea ... LOOO 

Dark ihLtee and qiiartfif^ ... fc.. 2,000— 

3.000 


Practically all the beds in the above succession contain fossils. Bed 
No* 2 is partknlarly rkh in trilobites and brachiopods and is reJerabkr to 
Caradocian age. The beds above it contain cyst ids and brachiopods which 
indicate a transition from Ordovician to Silurian, The sDkeous limtstone 
(Bed No. 8) below the unfossiliferous Muth Quartzite sho^ FatNtsiUs. 
Fentamtrus, and other fossils on weathered surfaces and is o( early Wcnlock 
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tbe Upper Silurian being part of the Muth Quartzite. The fossils in 
the two systems arc mehtioned below : 


ORDOVICIAN FOSSILS 
TrUobdtn 

BcacbiopwU 


Lajnj^branctis and 
• GaiUopods 
Ccpb9lO|x»d9 

Bryazoa 

Acrtincizaii 

Ptenipoddf 

Stl-URIAji POSSUM 
Trilobitcs 
BrschiDpods 


T am^llihraftclu 
C»5tr<>pad5 
CcptULtopodd 
AcdinA^CiA 


HIKUS, 1. Calymtm mVa/i-s, CkeiruruS 

miiit 

Orikit {Dinorikis) ihakii, D^maiutU ieMndinaria, 
l^ptoina S*. trackfOliSt Siwaphoimmi 

ckam^&ps, RtfirUfquini^t utnttulla, itraftfa„ R- 
PUctamb^mies hum 

... ika^amtmis^ Lepk^spira kittmkmm. L. 

Bfiifropk&n ganesa, aff- 4:i&%U4i. 

OrrAocfTiu kitms, CyrioC^AS t^Mlri/u^uat, G^niiKfrM 
qf. amitp^ 

Ptihp^a^ Pkyii&pprma, Ptii^a^iy^ 

... Sfnpialiurm aS. fjMTiiciWywi, dtpAUpar^M 

MmrinnTiMS affr pUH£iai»Sy Calytastu ap. 

,,, Ortkis (JPiMtortAijJ ppifUmh, Dai/tmmlia basaii^t 
Ortkit asUip^arn/m, Li^pUu/t^ rhsfttboidAiis, Ortk^t*S 
aS. pe^cH^ P^mtAtmrus MfrugUi 

Pslat^aneih cf- wrfariiK 
... Ev^mpksius tf. 

Ofikic^as iin^uiafum 

Lindi^ratmiA Sp.. Zapkr^niU iipr, PrtfpfSfA AiUfa/ypai, 
spiHtHsis, Hflfysf&w wsRickL mUnulaHA 
var. kanast^ftiTis 


Tn the Ordovician, the brachiopods are abundant and trilobites com- 
parativcly much less ccunnmn and moUusca nme. The Silunnn fauna is 
rich in comb with temarkable Xorth American affinities. Though the 
fatinas of the two systems hai'o local characters, they show much more 
affinity to those of North jVmerica than Xorthem Europe. 


nouthern kumaon 

Ordovkiaii---In Northern Kumaon the Ordovician is represented by 
the Shiata Series which occurs between the Carbyang Scries anti the chaiM- 
teristtc red shales of the Silurian. In the Shiala Pass near Kiiti, it consists 
of 400 to 500 metres of shales intercalatetl with grey and greenish marly 
limestone sometimes containing breccia of crinoidal fragments. From near 
the top of the division, Heim and Gansscr collected well preserved and 
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charactcii^tic Ordovician fossib which include Ctdymeiu cf. ^uoiUet, 
Orthh thikU, Qftliom<$ pfcten. 0. Qrhignyi. RafiK&quifts a(T. iuhdeltoidei, 
Leplatna ipkaerka. (very abundaml) umbretia. etc, 

Silurtaii,^Thts Systqni is represented by the Varitgak4 Sena which 
is the same as the Uod Crinoidal Limestone of Griesbach: This consists of 
a repetition of limestones and marls and siliceous shales of varied colours 
from top to bottom, red colour being dominant and conspicuous from a 
distance. In the Shiala I'ass this consists of 200 to 300 metres of red, 
grey and green shales with layers of white tiincstoncs, capped by brown* 
weathering dolomite and 500 to 600 metres of shaly IcnHcular limestone 
with fragments of ciinoids. hurt her east at Gunji, this system is reduced 
to less than 50 metres of violet coloured sandy sliales which overlie tlie 
Garb>ang Series Mth a disconformity. East of the Kali valley, m Nepal, 
tlie thickness is only 100 metres or so. ft is aLw known to be found in the 
Zanskar Range to the north-west and is apparently repeated by folding 
and thrusting further to the north. Because of its shaly nature, it has 
intensely folded in the sections exposed in the Zanskar Range, the 
\'aTiegated Series is considered to l» mostly of Silurian age. 


kashmir 

Ordovician,— The Ordovician is present in parts of Kashmir though 
tlie «{posurcs have not jicldcd gootl fossils, fn the Lidar valley it may 
underhe the fossiliferous Silurian exposed along the llanlM of an antichne in 
which a complete Silurian to Triassie succession is found, A similar anticline 
is found also in the Uasmai area in the Sind valley. .At Tn*gam and its 
neighbourhood, on the northeni limit of the Shomsh Abari syncline. there 
are greywackes. slates, and limestones which contain some crushed and 
fragmentary fossils, inclnding Orthis cf. ca/figrauMwand some cnnoid stems, 

Silurian._The Lidar valley fold near Eishmakam clearly eiqjoscs 

Silurian rocks, composed of arenaceous shales and impure limestones. T^e 
fossils include orthkls. strophomcnids, corals and fragmentary crinoids, which 
indicate a Silurian age. The Shamsh Abari syncline also contains f^di- 
ferous Silurian slates and grejivackes but the fossils are mostly crushed and 
obUterated, Elsewhere in Kashmir, the Cambrian straU are overUm by 
the Mulh OuarUites of Upper Silurian to Devonian age, or by the ,\ggl<K 
mcralic Slates or Panjal Trap of Middle Carboniferous or later age. 


salt RANCK. HAZAHA AKD BALriCmSTAN 

There is a stratigraphic gap in these regions 
the Upper Carboniferous, the Latter bring represented by glacial boulder 

beds^ 
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BURMA 


The Shan States of Bunna contain wdl developed Orilovkiaii and 
Silorian Systems. The Tawogpeng S 3 rstcm (Pre-Cambrian to early Cam¬ 
brian) ^ overLaid by sandstones, shales and iimestones which Ate sub¬ 
divided as showti below :— 


Xyaangbaw Umt^onc 
Hwc^M&ung Puiple Shale# 

Upper XauAKkangyi Stage 
Ijowct Natingka^gyi Stuge 
Kgwetaung Sandstooe 

Of tlicse the middle three divisions are well developed^ the other two 
being local. 

The Lower Naungkangyl Stage.—This Ls seen in a series of exposures 
on the Shan Plateau and consists of marls and limestones. Good sections 
are to be observed in the Gokteik gorge and in the valley of the Nam 
Pangyum. Amongst the fossils of this stage are :—^ 


Bniizblopcklt 


Trllohites 

C>*Atidf afid CHnoEd? 


Br^'ozoa ... 


... OftAir 1>r4l^fa^^t!^a. U. Svlcraittmd^s, 

wis, itfljSiKafuiM imtrtJt, su^fi£tid?n, S^kitoirrtm^ 
Pifiiam^mUL quiaqu^fostata 

... Cul^fntm £lrnHjiic 0 , ChtirarUs dr^idi^us^ AMapkti$, 
Fhacftpt 

... d^jyx, oqd KveniJ sp^e# of 

ttinm Blld GarydfTinbJ 
dJiptoiryp^ sedawnsis, Fkylhporinm oritKialis 


The fossil assemblage shoTA-s affinities with that of the Lower Ordovician 
of the Baltic region of Europe, and very little with that of SpitI in which 
the important elements are trilobites and cys^tids. 


The Upper Naungkangyl Stage. — ^This has a wide distribution in 
the Shan States and shows two fadcs^a shaly facies west of Lashio and 
a calcareous shaly one of the same place^ The western outcrops arc 
about 1,000 ft. thick and show evidences of crushing and oampression. 
The chief fossil organisms in them are ■“ 


BradiiopodA 


Triloba t«fl 

Crtnolda 

Bryozoa ... 


..p Litiguia cf. a£fif4Mfi|4i. Ditlmatuliii tjfstudiHari^ vat. 
LkoMnsis, OrMl> CdffvgrdnlMa, SlropAom^na sp^ , 
vtfjfUEiu sv^l$Qidt 4 i, nnuaim, Piirtam- 

boniUi jfruM 

... AgH^ifHS Cf. f^labrsius, hiwm^miia, IHarnUi 

Hdtmuis, Ckrtrurtu su^mUis, Phatvps dsqon, Piiomgfif 

... Httwerinas, 

... Dipioirypa paliM^Msis^ Fkyiiaportna, Ce^amojma 
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l^rLAMATiQs OF Plat* 11 


(|,«. a fE— i. 

««r1iiyi MT'/IdRa (1/J). 2U Ori^t <A« ^ I jj 

idta (3/^. 23. M^MSfuiiUi tmbr<M WH- « FWiwy W« X 
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ITie purple calcareous shales in the c^istern area rtc also mughiy of 
the same age as the Upper Xaiingkangvls as evJdcrtcctl by their fossil 
content. 

BrBCli]upi>iU 3R.H piertamhimilff srma, Oirfftu 

Knr3it. O. sutheraUroidf^. 

Nyuud^bow Limestone — These limestones overlie the Naungkangy'is 
and contain CffWiiremwifS asiaikus and other fossils ^htch indicate that 
they are also Ordovician Ln age^ 

SOUTHRHN SHAN STACKS 

The Ordovician is developed also in tin- Southern Shait States where 
it is represented by the l^law^n Series, Orihoceras He:ds arid Pindaya Betls* 

MawBQu Series.—In the eastern pari of the Mav,^>u highhmd and 
further south, there axe calcareous shaies and limestones containing Orfh^- 
ceras, AcHnocftas, Oxy^Us, Ph'omcra. Orihis, CyrtoHitrs, Hrikoianiii. etc. 
These beds art of Ordovician age and coidain the lead deptjsits of Ma\^-son 
describcil hy Dr. J, Coggin Bnnm (Rtc. GS.L., LXV\ 394-433► 1930). 

Orihoceras Beds and Pindaya Beds.—On the western limb of the 
Mawson antidine, them occur purple argillaceous limestori£S and shales 
conttkining cniK>id stems and spctcies of Orihi^ceras, Diph^raptus dM*/ Meao- 
^raptiis^ The Orthoceras Beds are definitely of Siiddle Ordovician age 
and their cquiv^dents are known in V'lmnan. South Manchuria and in the 
Baltic region. 

Bands of calcareoiis shales^ slates and thin limestunes occur in the 
Pinday-a Range, l>ordered by Penno-(’arboniferousl]rtiL»stones. Tlic enclosed 
fauna has closu* relationships with that of the Naungkangyi BedSn and 
includi*^ cv-stids. irilohites. brachiopods, elc^, among which may he 
mentioned ; 

Or/Ati cf, YtoitHtila CAfiif/uni rt 

cf. itrnnicmi'M^ RkiniHif/ya cf, Hifitfulu : ; C?[frv(HFii«itJ ; Ittiwum : 

Ihctyttwma. 

Several of llu- fossils are in a bad state of prescrvatJoii. The Silurian 
of Burma has the following suh-divisions : 

JCrbingj^i Wesis 

NaEikEhim Sandjtonett anti Vlarb 
Gnipidlite B«L^ 

fftiCMlaris i2fh~ 26. PittiKfa Aattgksmitiis |l/3)* 27. Trfpti^a vmM 28- 

(2/3)^ 29 Lepiatna (2). JD- PUfJ^mhonitts hufUMlfnsis 

(3/2). 31- Pifrittfit <2/31 32. Lwspirix fmedi P). J3- ffifVifix 

(2). 34 Orfki* {Dsdmamtta^ bmaitf (3/2). 35. HaJytitrs widiicki (2/3)+ 36- 

spiiUHat (2/l>. 
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The Gr^phlitt Beds are found n^iar Hapaw and other pkcfis in the 
Nam-tu valley and in the Loidem range east of Lashio^ overlying the upper 
Naungkangyis. Just beneath the Graptoltte-bcarin^ bands there is a bed 
eontaining tiiiobites. The GniptoUte Beds are composed of white slud« 
of about SO feet thickness, containing abundant gmptolites and other 
fossils indicating a Llandovery age : 

Ciraptolite^ 


Brachlopods 

Tnloblts 
Ostmeods 


DMoffapHt MwrfffifH#. vtmuloiti, 

mtiiu,, C. himflaiili, C. HClanfiiiarii. Mom>grnl>hn 
c^neinHU,. M. -'f- P*"^ 

gnmus^ CyrtofiTdi/Huf ip. 

DflimanrU^ fUgSfiiuia. Doitsanrll^ mantuyt, Sir(?pksdy‘ 
4oi*tA S. /tddini 

PA4u:opi [DaimaniU3\ ka^mgsi, AiiddUpis 

sp. 

The Namskm [Namhsim) Beds, of the same a^ ^ the Wenl«k beds 
of England, contain two divisions, the lower consating of san^ton« o 
varyi4 degrees of coarseness and containing scvetal tnlobites and hrachifr 
poi ^Thc fonner include Cdyme^ fdwHenbacht, Entrmiriis koitgl^aens^, 

CheirurM cf. UmHcron^us, Phact>fi$ dVJnv 

upper Nainshim stage is marly in composition and soniettmes rests y 

on the Naungkangyts, These marls contain a rich fauna : 

komgkSdumit^ C^iymwm [£^A#ir- 

urm 

U^gui^ Ofikil 

fitgantvia, rh^mboid^ii, Siri^pi^mtMa 

Cfvruga^a, Pirntmtumti sitrypa reiUui*nM 

TheZ^ift^ Siag£ comprUes limeslones and shali^ contaiaii^ nuincraia 
fossils Which^ow affinities to Up^r Silurian and Lower 
Europe, especially of the Mediterranean region- On the wliok, t e i. 
nian axe stiting. 

Mvrtafraptm^ dmbi^ aJrtd &lla«T 

Pk4£apt twiKk^i, P- 

Airfpa misrgimalii. A. tul>sl«l»ti<*rii. Stropitcian:^ 

3/#nUi Nif ip, 

*ff, CAimmamum ^nd other spetref 

H* 1. 1 

•M itu-Juit (P<™i>«U ••J !.™lllb,.octo 

tteB«nnBcsa«rUnto»ln.ng^nitici»id.th.Sil^ol Nor^ 

Sr’*c hir»p‘pi.° 

l^c'a'n o. tanl, .nd the =!«. atoi.i- •< ‘I* 


BryOEoa d 1 + 
l^ilQhLtci 

BrathiopodA 


GrAptoUts 

TfilobitH 

BrftdiiiDpods 

CephaJckpods 
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with ihv. Baltic on the other, would show that effective barriers existed 
between the two groups in Ijjwer Palaeosroic times. 

The Devonian System 

The Devonian S\'stcni is develo|X?d In the areas in which the Low'cr 
Palaeozoics occur— i.e., Jti Spiti, Kashmir and l^urnia, and also in Chitrat 
to the north-west of Kashmir. 

SPITI-KUMAON 

A groiiji of hanl. white, unfossiliferous quartzites confonnahly overlies 
the Silurian tiocl^ mntaining Ptniam^ms and other fossils of early 

Wenlock age and ts overlaid by fossiUfemus Lower Carboniferous rocks. 
The quartzites are 500 feet thick and ate known as the Muih Quartxii^s, 
They arc mainLy f>evqnian in age Ini I the lower part is Upper Silurian. 

In nortluTn Kumaon the Devonian and the Upper Silurian are rep¬ 
resent by the Miith Series which has here the ssinic characters as in Spiti. 
In the Kuti region this series is HdQ to 1,000 metres thick, conip®»d of 
quartzite W'ith dolomite Jayer^i which w^-ather to a brown colour, overlain 
by massive white quarUites. The top quartzite is sonictimt^ replaced by 
dolomite and varies considcrabiy in thickness up to 2CKJ metres, Thougli 
the ov'erlying Killing Shales of Permian age are conformable to them, 
there is almost everyw here a considerable stcatigraphJcid gap representing 
a period of erosion and non-deposition. The l>evoninu is rcprcscntnl by 
a crinoidal lims^tone in the Lipu-lxk area. The fuU section of the Muth 
Uuartzitc in northern Kuuiaon is considered to represent the Upper Siltiriaii 
and a part of the DevoTiian. 

In Upper Spiti and K^naur, there are dark hsgile iitiiestoncs containing 
abundant OrfkotcU’s {O. mtihiria] and other braduopods such as 
tfs/v'rrf, Sfroph&If>&ia, etc. IHiese are Middle to Upper Dev'onian in age. 

In ByTinSr near the Nepal border, De\-onian fossils have been found in 
some dpuk limestones near Tera Gadh camp. Thi'sc incliidc * Atrypu 
rchrtrfiim, vl. mpera^ Pentanienis cf. sublingtfifir^ CrfffldfO^Au™ cU 
Rhyfichoneita {iriYsenni) cf. mnega, OriMs aff. ; and also 

the cephalopofl (^riftocerm and the coral 

KASHMIR 

Devonian stnita found overlying the Siluriain in the Lidar valley 
and in the Shsinish .^bari syiidine. They are hard white quartzites having 
a thickness of up to 2,000 feet. They arc hthologkally similar to the 
Muth Quartzites of the ty'pe area and are unfosgilifcttiiis. 
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PEVONIA&f KO^LL^ 



EjtPLAKATIAS OF l^ATK IH 


J. Cy^kophytlum r^'^rtoiMw ( 4 ]- ^ ^u"i« ( 2 ,' 3 ). 3 . 

lamMina (2J3). 4. HtttriHnefts (l/2l. 5- Hfirammu! Pynjomai <3pj. 

6 . n. spi»t>tm (ftenl) (D* 7 . FtiuMUl petyform$a ( 3 / 2 ). 8 . 

(3/2). 9. Fotypora populaia (3/2). 10. fl/c^Vafrnfa l2/3l. U. i*. 





242 


GEQLOGV OF IS OJA AND BURMA 


rcHAP. 


CHITRAL 


Tn the State of Chitml on the Afghan frontier, Devonian rocks are well 
clevrlopwi and comprise thick limestones which are underlain by quartzites, 
eanclstones and congLoitieratcs. These Jattet are utiinssiliferous and 
apparentlv represent older Palaeozoic rocks. Tlie Devonian rocks^ which 
are gcncfnlly bronght into juxtaposition with' conglomerates of much 
younger age by a great faulty comprise beds of limestone with corals and 
brachiopods. The fossils include t 




Gastropod's 

Actlnozoa 


fVotflrtJ if 

Spirifer aff. pfiintuL'us. S* cf. Athyris cf. 

fiiAcviifrpiffjiLii, PraJ^imfrus stffheri, Orifiis ct. pratcur^ 
»r vax, j piiTir-nrfi. ^;?cil«i ot and 

phUHpii^ kippi^xy^r^ 

C)KniUs ntff. fPrtSirys, McMsthon-i 

EfUfmpkA^Uit Pfturotamaria 

StfVEwal Spocirf dt CyOihifpfiyUiitn 


AIbo otinOiU !st«niS and 


BURMA 

Plateau Idmestone.—In the Federated Shan States the Silurian 
rocks are succeeded by the Plateau limestones which occupy a large area. 
They are mainly of dolomitic compositwn, but argillaceous and arenaceous 
intercalations are known in places. The tj^pical Plateau Liinestone is a 
bard, light grc>% hne-gniincd and grainilar rock which has been crushed 
and is tra^-ersed by thin veins of calcite. It contams a few traces of Eossik 
including corals and foramiiiifera. 

The Plateau Limestone extends in age from Devonian to Lower 
Permian* Tlic brecciated nature and paucity of fossils do not permit of 
the separation of beds belonging to different ag^. The total thickness 
is about 3,000 feet. It w'as probably a limestone, later dolomitised to a 
large extent* The lower part of the Plateau Limestone contains two 
fossdiferous patches* bii.* Padaukpin Limestone and Wetwin Shales which 
have yielded Devonian fossils* 

subi^^agKsna ( 2 ). 12 Ortktkitt {^ 2 }- 13 - Oiikh tirUiiuta tJ/ 2 )» 

14. rm (CypirfH/d) ^mvir^Mfrii {2,^3). 15. 

16, Spirifir padiit^pintrtm fJ/JJ. 17, C^HfUcardium wAffnanum (2^3). |B. Emnt~ 

pAiiiui wadiaiuM 19, sabcan::tltjif4 P/1}. 23. //nN^ia (2/Jj. 

21. FacAypem ppiymorpka {2/3). 22. CyaShopkySlum {Tk^mmpkyllum^ mitHiiomittm 
(trajiSvcpK section) (I). 23- FroJutlMi /aJ/twr var. £^kitraUmii (2/3). 24. Aihyrii 

ckiiral^nsit (1^3)- 25. Spin/if (1/3). 26, Cttmt¥i>iiy£ihm haiialmu 

tm- 
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Pudflukpln Lim&stoiie.—This is exposed in a smitll areii near 
Padaukpin situated at a dtstAMe of a tnik from Welwin railway station, 
and contains a rich assemblage of fossils : 


ActinQE>D&, 


CyaikirphyBitm PacMypor^ r*Sicul4ia, Itiph- 

nnfis ramicK^. EHd'ypkvUttm tUitnfhii-Mm, Cystiphyt- 
lniH CaSeg^ta landatiMa. PawMsius g(ddfiti£i, 

Ah^plifc^ rfljrtdid, A. £upprbisuiari^, inin^ 

stim:hi§ 

Bf>^3foa .r* 

■I 

Piiiutipvfti ifwpesHva^ Sihrufpijra fOfJcbst FrntiifU^ 
arfhnlU^^ inetrsa^ P&iypara pi^pulala, 

Frmsirfypi?r4 

CrinofiUd 


... Cupm§G€riftUs cf. tra^Wtt & fl. ifongatus^ 

TAXASftisus 

Qrftcliiapods 


... t^pftirna lilropAeadonia i Nf^rjIrtaliLj, 

tffes umhrpKitluM, ffliHuifii, Ofihit sUiaiuJa. 

AiAyris Pffwtntnc&y Ptniamfrm {Gipidttia^ brwirast- 
fii, AtJ^ypV r^iicutaris, Spiri/fr padauMpimiVi^ 
Bhyt%eM(tMf4l4 Sp. 

TrilDbitc^ 


... PkttJ[\?pi P. puncMUi- 


We twin —The Wetwin Shales, which are yellow to huK and 

mottled, are exposed near Wetwin, f2 miles east of Maymyo and Vkithin 
a mile of the exposure of Padaukptn Limestone. No direct relationship 
could be established between these two ndghbouiing exj^sures, but the 
fauna of the Wetwin Shales indicates that it is ahghtly younger than that 
of Padaukpin, while there is al;^ a difference in facies. The fossils include i 


BryoxASi 

BrBrcliiopoda 

IjintcIhbrAndvi 

Gostropwis 


... p^yporafit vAT. mi/mi*enfi3 

... Litfga^a ch panciafa, AthyrU cf. ipiriftrQid^i. CkpmU* 

tiM^lunrurnsis^ b$wm44ifa. P4i4Sf(Tnfiio 

... ii. admirandui 


This fauna indicates the Eifclian stage of the Middle Devonian. It 
is rich in lamellibraiichs and gastropods whereas the Padaukpin fauna is 
rich in corals. The difference of the two is to be atiributcfl to the physi¬ 
cal environment and conditions, the Wet win Shales being apparently 
lagooual deposits. Beds of similar age are known to be present tn se veral 
regions in Southern Asia such as Armenia, Iran, Yunnan and Indo-China. 


The Carboniferous System 
SPITI 

Kanawar System,—The liluth Qiiartritts of Devoniiin age constitute 
a conspicuous horizon in the BimaJayan area* They are overlain in Spiti 
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by a series of limestones, sIieiIcs and quartzites, called the Kaiiawar Sjiislcm, 
which Ls sabdh'iried as foHo^^'s :— 

„ _ , rFervfSstL'Ila SliaJca 

Fo ScrlM (2rW0 ... Thabo i qiiartjjil« atialca rfitli t>tants 

Lipak £eri 4 » (2,0£M> i«!t) ... UmfisEonea and Stl4k5 with 

Proi(u^iMs, rfr, 

Lipak Sc riea.—'Named after tlte Lipak river, and well exposed near 
the iunction of that river with the Sutlej, this series comists mainly of 
limestones and quartzites Avtth stihordinate shales. The limestones are 
generally hard, dark grey and contain thin siliceous bands. The lower 
portion contains some corals and bnichiopods which have proved difhctilt 
to extract from the rocks. In the iippt r part of the series there are thin 
shales and limestones wiiich have yielded good fossils among which are t 


Brachtopods 


TriMiitt 

XaiUDlhbraiiciLB. 

PtCTOpOd 


... Pr^wclut faM, i\ hardunsiw 

SyriMgi^tkyrit fHipidata. OwiAoiafft sp., D*Fhym cf, 
Spin/ir kmhrmrtmiii, Stritpk&meHa 
Htuaia^ Aikyrit OJySM', A. JMfi/i/iia 
... Philhpsm cf. fU/fordi 
... i^olhKar4f^«K», rfc. 

..K CoMM^rrd quadfistdciiJ^ 


The fossils show that they are of Ijiwer Carboniferous age. 


Po Series.—^The Po Series^ which overlies the Lipak Scri^, has two 
subdivisions. The lower portion, called tlic Thabo Shtg^, contains the plant 
fossils Rhoioptms ofvaia and Sphimpt^rtdium furcillatum w^hich ate regarded 
as Lower Carbonifertms, 'flic upper portion, known as Fme^^Ua Shaks, 
because of the richnms in some horizons of the bryozoa called Ikn^T^frUa, 
is of Upper Carboniferous age and contains the following fo^ib ;— 

Br^hiopoda ... ProdtKiui sd^cnlut^ P* utidafus, up,, 

:Spirigfm cJ. Spitiftt irismgtdanft 


The Po Series is succeeded by a conglomerate which contains pebbles 
and boulders of tlic undcrlj'ing formations and represents a stTatigraphical 
break which, however^ is only of a short duration here, as comparwl with 
other areas. 


K.\Slt?^nR 

Syiiniiothyris Limestone.—In the Palaeozoic anticline of the Lidar 
valley in Kashmir, the Muth Quartzites are overlain conformably by thin- 
bedded limestones called the Syringothyris Limestones. They arc well 
«posed at Eishmakum and Kotsu, south-east of Srinagar, and apparently 
<uctend further out hut arc covered by the younger Panjal trap and uJldritinx, 
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Beds of the same age are found also near Banilial in the l^ir Fanjal where 
they attain a thickness of 3,000 feet. The strata derive their name from 
the brachiopod Syringothyrh cuspidsia which characterises them and which 
show also that they are to be correlated with the lipak Series of SpitL 

Fcne Stella Shales,—The Syringothyris Limestones are followed by 
a thickness of 2,000 feet of quart^Jtes and shales the latter beii>g often 
calcareous. They are exposed in the Lidar valley and near Banihal^ 


The lowest beds of these are unfcssiliferons but above them come shales 
full of fencskila and also brachiopods, corals, etc^ The upper beds are 
nuinty quartzites with shale intercalations. The more important fcasails 
in the Fcnestella Shales are : 


PolynM ... 

Trilobite 

BmiChiopods 


LaiudUbiwDaJns 


jyad r^{>isreUp^rm umph. 

... PhifUpria sp, 

,,, Pifodueiui P. , P<^ uMdafwi^ P. 

Spm/*r lydMkkfri^ S. iriatigul^i'is, 5 , Siwt^pK^- 

JdJid, Auhsiigxs, ^fc, 

AfodUfUij etc. 



TtQr 5—SBCItON ACftOSS THS LlPAK VAM^V JiNTICLlXB. KASHMIR 

(Am* C.S. ^liDtaLiiifiss. Rc£. rfff) 




The Feciestella Shales are in several places conformably associated 
with volcanic agglomerates which are semi-contcinporaneoos with them* 
Their exact age is somewhat uncertain because of the special chaiacteiB 
of Its fauna, but it must be somewhere in the Middle or Upper Carboni¬ 
ferous, 


CHITRAL 

The Devonian rocks are followed conformably by CarboniferDiis strata 
in Chitral, comprising the Chitral Slates and Sarikol Shales* .Amongst 
them are beds containing Fmviina and 


BimMA 

Northern Shan States 

The upper part of the Plateau Limtstone is of Carboniferous to a 
Permian age, but as mentioned already, it has not been found possible to 
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snbdividfi thu lonnation Ui a satisJactory manner, Thfl Lower Plateau 
Liraestone, which is dolomitic. passes up by perfect gradatioii into the finely 
ciystahine, grey or bluc-frey, cakitic Upper I'lateau Limestone. This 
foraatkn occur in a tiutnhcr of hills and ridges contains /'wii/iwu elongat* 
anti some usually ill-preserved corals and brachiopods in places. Amongst 
the fossils which haA** iHfn identified are ; 


Anttiozoa 

Tnlobits ,.+ 
BrachippoMi5 


CfTplUk-kipwla 

l^TncIliUnmohs 

GutracMcb 


Fifjn/iNa tloH^ia^a 

indica^ SyjnftgQpora sp.. Zapfirmfif 6|i. 
fiL ffeiwagoHiila ratmua. Poiyp^^ 

cL 

Philhpiim sp, 

Spirifrr xirtiUm, MawimmdUpflr^ Reii^hria, 

Spin/nrii^a tnsiida, Spirigtrii Spin- 

giuUit tUrbyi. Schiiophinna ap.^ 

ewrd, Pr eyHwdrii^mt P. 

DiMirntm hip^ex, Camuitftphona ap.* 
Xulidkyris simpitx. Margini/fra sp. 

Xfmspis fdflwnJHd 

PlLf tid^tnoni^iis^ P^cUn^ Sckiit>duf 

Pleuroiainariaf Mufthis^nia, Hi^hpeR^, NfriAQpni 


The Ihiina Permo-CarbonifEroiis and shows some ct^ktionship to the 
l^wtf and Middle Prt^fitictns Lknratene of the Salt Range. It is interesting 
to note that the barrier which existed between the Mimakyan and Shan 
areas ill the earlier Palaco^JC had broken down during the Upper Palaeozoic 
so that there could l?e intermigration of faunas. 


Southern Shan States. 

The Upper Plateau Limesttme is found also in the Southern Shan 
States near Taunggj'i w'here it liiis the same characters as in the north. 
A fossilJfeiuiis locality on the Taungg^i-Loilcm road yielded abundant 
bfyozoa but only a few bracluopads. The fauna found includes FmMlina, 
corats, Profiiidm and LyRnma which indkate Carboniferous to l^crTnian 
age. 


TENASSEBIM 

The Moulmein limestone beds with associated sands and clays are about 
600 feet thick and are found overhing the Mergui Series near Moulmein. 
They are exposed in the Thainpia bill and the hids to its south, and also in 
the islands of the ^fergui Archipelago* They have yielded fossils from 
north-west of Tharabivin which indicate an Upper Carboniferous age. 
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Foramimfcra 

AnU^oEOa 

BrochiOiHidfi 

CaatrapoOA 


Sehwa^^rina 

... L^n^dtiUta ■‘i;p. 

,, . Spirifir ap.^ PtadUfim Aikyris sp. 

.., BtIUrophi?n ip-.^ AfKPcAi^iud ap. 


UnfoBSiliferous Palaeozoic Strata 


X AS Et All R- HAZARA 

Tanawal Series.—A foimation of ooRsideiable thickness, composed 
of phyllitcs, qiiartiiitcs. quartz-schists and conglomerates, occurs in a 
number of places in western Kashmir and Kazam. fhe rocks are more 
or less metamorphosed and folded tip with the l^gra Slate Scries, The 
quartzites, however, appear to be silicificd Inim-Trias limestones or perhaps 
the equivalents of the Muth QUartdtes. They are entirely unfwsiliferous. 
In the Pir Phnjal, members of this scries have been observed to pass laterally 
into the Agglomeratic Slates. Hence, though their age is not known with 
certainly, they may represent a part of the gap itetween the Cambrian and 
Upper Carboniferous. The Xanawaj Series is overlain by the Tanakki 
Conglomerate which b now regarded as the equivalent of the TaJehir 
Boulder Bed and the Blaini Boulder Bed. 

SlMLA-CARHWAL 


Jaunsar SerieB—In the Simla-Garbwal region the Palaeozoic a 
probably represented by the Jaunsar Scries, which b an unfosailifeious 
assemblage of slates, sandstones and quartdtes, resting on the Simla Slate 
Series. The Jaunsars of Garhwal are divided as below : 


Jaiin^dr Soricfi 


piAfiTHAt—Purple anil KTcca pbyllit«4^ quorixitw, 
Kinflatcmcft aiKl ccrajyicinicfatcii 

OHaMJPUfe—Phy!]Hw> vchm^, MudmX quartzites, 
" tuBs aud lavu 

SilANPiiALi—Umestunca, alates, pUyllit™, ^ita an<3 
bnaldfl be4 


The Nagthafci bear miich reserriblance to tJie Tanawals oi Hazard, 
and the Chandpurs to theChaila and part of tlie DaJin^. Further eaBt in 

Garhwal. the Chandpure rest on the Barahat Scries, consisting of quart¬ 
zites, limestones and some lavas, which may be the equivalents of the 
Nagthats, since the line of separation is a ihrest fault. 

The jaunsars have beer affected in some places by tectonic distur- 
bancfs of pre-Krol {i,r., Pre-Permian) age, as a result of which they have 
acquired the Aravalli strike direction. It is apparent that the rocks of 
Rajasthan .and of Garhwal have been aflfected by the same post-Vindbyan 

tcctoDic movement. 
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It would be convenient at this stage to review the salient points in the 
Palaeozoic (pre-Upper Carboniferous) stratigraphy of the Indian region. 
During the Vindhyan times {presnmably partly uppennost Pre-Cambrian 
and partly Cambrian) there were three major marine areas in the Penin¬ 
sular i^rt* the first in the Cu<ldapah basin, the second in the Chhattisgarh 
basin and the third forming the great Vindhyan basin. Only the southern 
edge of the last basin is now e.Kposed ; Its central part is hidden beneath 
the Ganges Valley and its northern part has become involved in the Sub- 
Himalay^n region where the straU have yet to be untangled from the 
confused thrust sheets in which rocks of other ages arc also found. The 
representatives of the Vindhyans may be the jauusars and the Simla States. 
We have no Information at all whether any part of the Palaeoioic is re¬ 
presented here, lor the formations con tain no fossils so far as knowUp and the 
succeeding infra-Krol and Krol rocks arc tentatively regarded as Permian 
or even Mesozoic. There are reasons to hebeve that the great Vindhyan 
basin was probably isolated from the northern open ocean which then 
occupied the region of the Central Himalay^as and it probably dried up 
during the Cambrian. The £^lt Range area may repr^ient the uorih- 
western edge of this basin. Lower Palaeozoic rocks are not present in Hazaraj, 
while the earliest rocks exposed in the Raluchistan area are of Permo- 
Carboniferous age. 

In the Sub-Himalayan and Central Him^dayan regions of Kumaon, 
betwoen .\lmora and Rakshas Lake, Heim and Gansscr have distinguished 
the following formations. Of these, the unfossiLiferous or poorly lossili- 
ferom roeiks occur bdow^ the Central Himalayan thrust sheet and the 
fossiliferoiuit rocks of the Tcthy^an Facies above the thrust 


MutiiSfries 

VaUEGaTID SlAlFS - 

Shiala Seueji 

SfKJTJi 

RjLiMi SEKir^ 

Maridu SmiES 


... Brown quATUitci witb dulomLte layerij clipped by 
white quarUitet A spocial fnciis of Uiis Im the 
crinoidnl Jiiiwstonts o( Uipii-Txskh—fe 

... marts ELnd stiojfs of red, tfTWn. 

ooloura with fayeis of 

,.. Calcor-raua sojidstanes nnU Uun of Ivttticular 

limEalone with crinokS 

Sluty phvILites, Caksivom »n4'ftanei, asuidy ond: 
ArgillEkCtOUA dolomibea—C^pmbrmN 

->■« cODglom?rikt», gTE^-wnck^ss, uTAfl^ cofouri?d 

Cambnnti and ^lowihly partfy 

... FtiyJlila, CaleATcou^ phyUites, quarlxitM: ivoMbly 
cquiwiIoQt to the 
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The Central Himalay^an mm Wiis occupied by an opt^n ocean in which 
fossihforous Lower PalaeoEok strata were deposited sueh as are known in 
Northern Kiimadn, Spiti Kashmir and Chitial, extending into the Hindu- 
kush and Xorthem Iran. Tho Shan area of Burma did not belong to the 
above geoiogical province but to another which included Yunnan^ Southern 
and South-western China and Indo-Chinau There docs not seem to have 
been any intermirigiing of fauna between these two basins, at least until 
the Devonian. Much more detailed work wiU have to be done in the 
Himaiavas before a clearer picture can be obtained of the distribution of 
the strata of various ages and of the palaeogeography of the earlier geological 
pcriofJs. 
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CHAin-ER X 


THE GONDVVAXA GROUP 

InCroductton 

After the dcix^sitiuii of the ViiidhjM rocks and their uplift into Und^ 
there was a great hiatus in the stratigraphicaJ history of the Peninsula, 
At tlie end of the Palaeomtc Era, towards the Upper CarboniJejous, 
a new series of changes took place over the surface of the globcp which 
brotight about a redistribution of the land and sea and which was also 
responsible for the mountaiii-building movcinents called the 
or Udn’sTdiR. At this time there existed a great Southern Continent or a 
series of land insn^ which were connected closely enough to |H^rmit the 
free distribution of terrestrial fauna and Bora. This southern continent, 
wliich included India, Australia, South America, Antainctjca, South Africa 
and Madagascar, has been called Gondifanaiand. It shows cvidoice of the 
prevalence of the same climatic conditions and the wide distribution of 
the same type of deposits from the Upper Caxboniferous to the Jurassic* 
The era with which w'c are now concerned Ijcgan with a glacial climate, for 
we hud the deposits commendug with a glacial boulder-bed vrhkh has been 
recognised in all the above-mentioned lands. The bulk of the strata which 
followed the glacLal conditions was laid down as a thick series of flu via tile 
or lacustrine deposits with interralated plant remains which ultimately 
formed the coal seams. The basins of deposition must have been shallow 
and generally sinking, with frequent oscillations of IcveL for we find each 
cycle of deposilion starting with coarse sandstcines and proccediug through 
shales to coal searns^ The plant remains cmht'dded in these sediments 
have remarkably close affinities in oil the lands ineutioned, and comprise 
Ghssopi^Ls, Gan^afnofiirris, Vfrtf^ruriu, CftniipaHidmm, etc. This 
floral assemblage, called the " Glo 5 .^pteris florais very characteristic of 
the deposits of the lower fxirt of this group. The ampbihian and reptilian 
faunas of this ent are strikingly similar and point to unrestricted inter- 
migration. For instance, according to Prof^ Von Hiiene, there is an extra* 
ordinary rescniblance between the Dinosaurs of Madh>Ti Pradesh in India 
and those of Madagascar, Hraiil, Uruguay and Argentina. This Gondwana 
continent seems to have persisted through the greater part of the Mesozoic 
era and to have been broken up during the Cretaceous, cither by the sinking 
of the marginal parts of the continents or by the drifting apart of the com^" 
ponent |.xirts. The close faunal and floral affinities of the Gondw-ana strata 
in India and the Southern contmentis will become apparent when we deal 
with their equiv^deiits lu Africa, South .\nicrica and Australia^ 
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nomexcl.\tl:i<e axu extent 

The nfkinc GuiicJvvaiia was iBlroduced by it. B. Mecilieott in 1872 in a 
maiiu^ript report, hut appeafotl for the first time in print in paper by 
O. Feistniantel published in S8?fi IX, Ft. 2. p, 28), It is derived froiti 
the Goiid kingdom of the Centml ProsHnees (\fadhyn Pradcish) where these 
formations were studied by Stedlicott, but has also been extended to the 
l^rgc continent which appean? to has'C e?£istetl in the iippennost Palaeozoic 
md the Mcsozjjic times in the Southern Hemisphere, 

The rocks forming this Gondwtma group are of fiuviatile or lacustrine 
nature and were dei-iositetl m a series of large riv^er or lake basins which 
sank along trough-faults amidst the ancient rocks^ ft is to this faulting 
that w'e owe the preservation of the GoiuKvana strata with their rich coal 
scams- 

Distribution. —The Gondwana rocks are mainly developed along two 
sides of a great triangular area, the third side of whieli is formed by the 
northern part of the east coast of the Peiiiiisula, from the Godavari 
valley to the Kajmahal hills. The uorthem side of this corresponds roughly 
to the Damodar, Sone and Nannada va]le>^. trending nearly B.-W* w hib 
the south-w'estern side runs along the Godavari v^alky with a N,W,-S,E, 
trend, hi the interior of this tdangLe Ls a subsidiary belt along the Mahanadi 
valley. In these long and narrow tracts, the Gondwana rocks are found 
in a serii^ of faulted troughs. Other groups of exposures are found along 
tile Himalayari foot-hills of Neiial, Bhutan and Assam, and also in Kashmir 
and Baluchistan^ Further, Upper fiondwana rocks are seen in a series 
of defacbi^ outcrops along the east coast of India, betw'eeu Cuttack and 
Cape Comorin, in the Rajmahal hills, Madhya Pradesh, Kewa, Sauroshtra, 
Kulch, and also in Ceylon. 

Two-fold division of the Condwnnas. —Though the Gondwanas 
an* generally referred to as a System, their extent and magnitude in space 
and time entitle them to considered as a major group. They span the 
time from the Upper Carboniferous to the Jurassic or Middle Cretaceous 
and comprise strata whose total thickness is from 20,000 to 3O,0CX) ft, in 
different parts of the world. At least one of their major divisions has 
the status of a geological ' Ss-stem \ which can I>e separated into scries 
auil stages. It is therefore appropriate to refer to the Gondwauas as a 
* Group ' as in the case of the standard Palaeozoic or Mesozoic Groups, 

The Gondw'ana group is di\dderl into two major dhisions based mainly 
on palaioittologiical emdence. This two-fold classification is the one 
adopted by the Geological Survey of India and has been strongly supported 
by r, S. Fox in his monographs on the coalfields of India, The line of 
division is taken as above the Panchet ,Series, the lower portion being 
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characterisocl hy the Glossopteries Bora and th<r \xppvt by the Ptilophyllum 
{Kajntfthal} fiom. There is also some evidence that tlie faulting Emd fold¬ 
ing of the Gondwana basins took place mainly iti post-l*erniian and 
hlahadeva tinier. 

A tripartite clossifitation was suggested hy Feistmantel and foUnwed 
by IL Wedenbiirg in his "Sunimai^ of the Geology of India' (1910, p. 50), 
where Lower, Middle and Upper Gonduanas arc shown as eqtih'alent to 
the IVrmian, Triassic and Jurassic s^'steriis of Jvurcipe. A factor in support 
of this Is the iiilerveiitbn of arid contiiieutal deposits containing Triassic 
reptiles and amphibians in the middle formatious of the Gondw-anas, the 
beds nbtsi^c and them Indicating humid and normal condttioiis. Tlic 

base of the Panchet Series is thought to correspond Rsughly to the 
of the Trias. Thutigli these factors make the tripartite division plausible, 
the evickrnce of the Bora is entirely" in favour of a twodold di\isioii. Dis¬ 
con form ities and stratigraphic gaps separate the l^anchets and Mahadevas 
from each other and from the beds aliove and below them, but the magni¬ 
tude of the gaps Js not known. Tlioijgh the details of the stratigraphy of 
the different Gondwaiia areas in India differ to some extent, it is very 
clear that the Glossopteris liora pracliadly died owt during tlte Tanchet 
and was replacetl completely by the mom advanced ThirrnffJdia-I^ih- 
phythfm flora which characterises the Upper Gondwana times. 

Sub-divisions of the The Ltiwcr as well as the Upfjer 

Gondwanas have each di%di:lKl into three or mure series of formations. 
In the ascending ordt^r they are the Talchir, Damiida (Damodar) and 
J^anchet in the k>wcr division, and the Mahiideva, Rajmahal, Jabalpur 
(Jiibbulpore) and Umia series in the upper division. Each scries ermsists 
of stages wJiich have received diffeiunt names in the different areas where 
they iinc developed. Table 28 shows at a glance the correlation of these 
stages and their jHisItiou in the standard stTatigrapbical scale. 


TALt HIR SERIES 

I'hf lowest series of this group is named after the coalfield and the 
State of Takher (Talchir) in Orissa, where it was first shidkxl. Its low'est 
member is a tillite or l>f>uldeT-lwd, which is succeeded by shales and sand¬ 
stones. This iMJidder-bcd forms a conspicuotis and characteristic datum 
line in the geology of the Peninsula, and is In general 50 to 200 feet thick. 
Its equivalents are found in the Salt Range, in Kashmir-Har.Hra (Tanakki 
huulder-hed)p in Garhw^al (^fandhali lieds) and in Simla (Blaini boulder^ 
bed). ITie Boulder-bed consists nf an unsorted mixture of boulders, 
pebbles, rock fragments and clay, the boulders often showing facets and 
striae of glacial origin. In most of the peninsular occurrences there is 
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Table 28—Corhelation 
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evidence, according to C. S. Fox, of this bed being to some extent a re- 
sorted glacial deposit, whereas in the Salt Range the ice carr^ iiig the moraines 
seems to have deposited the maleriiiils directly in a shallow sea. The Salt 
Range oectirrence contains boiildeis and pebbles of granite. Malani Thyolitc, 
etc,, which have apparently been derhietl from the region of the Kirana 
hills about 50 miles to the south and also from some parts of Rajasthan. 
At Pokharan {27D’: 7r55') near the western border of Jodhpitr and at Bap 
(27‘‘ 25' ; 72* 24') about 40 miles further to the north-east, close to the 
eastern border of Jaisatmer, there are certain dark sandstones overlain 
by boulder-beds containing ice-scratched boulders. The Bap beds 
contain boulders of Vindhyan limestone. The Pokharan boiilder-bod may 
probably be much earlier t.e.. Vindhy an or Pre-Cambrian, Boulder-beds 
of the same age have been recorded also to occur in the Kosi valley near 
Barahakshetra, in the Lachi Series of N, Sikkim (Lachi—28'' 1' ' 88“ 45') 
and in the Swb-Himalayan region as far east as E. longitude 06", fn these 
regioiis the Gondwanas are generally overthnist by the Siwalik rock^. 

Shales and Sandsiones.—The Tajehir boiildcr-bed is overlain by 
shales and these in turn by sand.stoncs, the total thickness of these l>eing 
500 to 900 feet. The shales are greenish in colour and usually break up 
into thin pcncil-like or prismatic fragments, for which reason they ate often 
called ' needle-shalesThe shal^ are arenaceous, micaceous or calcareous, 
and sometimes grade into sandstones which are also generally greenisli or 
greenish-brown in colour. The sandstones generally contain grains of 
undfComposcd feldspar which also furnish evidence of very cold conditions 
of deposition. The shales and sandstones may be intercalated with each 
other but the latter arc more common in the upper part, indicating a general 
coarsening of the sediments as deposition went on. In the upper part of 
the Talchirs. hotvever, the glacial conditions seem to has-e given place to 
milder climate as evidenced by the presence of fossil plants. 

Distribution.—^The Takhir beds are found in most of the Lower 
Gondwana areas of the Peninsula in the faulted troughs, and also sometimes 
as outliers on the -gneisses of the neighbouring regions. It is thought 
that the deposition of a scries of moraines in the early Takhir age was 
responsible for the formation of a number of more or less connected lakes 
which received the sediments of the succeeding [Damuda) age. 

Tulchir fossils,—The plant fossils of the Taichira occur only in the 
upper part and show an assemblage which is fairly distinct from that of 
the Damuda (Damodar) stage, but closely allied to that of the immediately 
succeeding Karharhari beds which are considered to form the lower portion 
of the Barakars and which are well represented in the Giridih coalfield. The 
important localities of Talchir fossils are Karaon (Deoghur coalfield). 
Rikba (Karanpura), Latihar (Auranga), Naw-adih (Hutar), Behia-Baragaon 
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13 miles north-east of Atiukpnr (Sohfl|fpor), Goraia (^ulh of PiUi in 
-and Kuppa (Sonada). 


At l^kba and other places the foUott ing fossils have been found :— 

J^laridQapefl]UT^ „» GtifssopUjii imTjfO, G. Gat^^atnapfirii 

cychpUfiti^fi i*r, nurj<]r« ty^hpfgr&idei, 

attimisfaha^ bun^du‘a, VfFftbmriA i#dk^ ('ffKidi 
it now bi-^li-DVDd to be the rbiEome of Glmtopitrii} 
'CoraAit4ik-£ ... ... A^eeggfraihmpiiskitSitpi 

iDcertiie +** SuniaropMis tpr (deeds) 


In the Punjab Salt Range the Takhir bouMer-bed is represented hy 
the boulder-bed above the Salt Pfeendomorph KOtie. Within a feni^ feet of 
the boulder beds GondiiVaiia fossil plants and spons have been discovered. 
From near Kathtvai, from the shales immediately overlying the boulder- 
bed, several t\'pes of spores and cutkles have been discovered. Tlie rolloising 
fossils were also obtained from the same locality, about 25 feet above the 
boiilder-bed. 


EqaiwlAl^ 
Filkolca ? 
PtcrkIo»pcffn-i(i? 


t mzcriac 


... SekiMMettFa sp. 

Akfk^pterk Bp. 

... Gl&ifttpfris (^nmuan, C. indka^ G^tn^amtipUHs 

banadk^, Vf.rkhFariii tMdica. yot^irafkiopsis 

... Oiiokatia Samarf*pMit tmar/iinaia^ Cor- 

ifakarpUi lahmi,. 


The Blaini boulder-bed of the Simla Hills, the Tanakki boulder-bed 
•of Kashmir-Hamra and the Mandhali h<ids of Tchd-Garhwal, the boulder- 
beds of Liichi anti at a few places in the Himalayan foot-hiLlsof Assam are 
also considered to be iheir equivalents. The location of thetse may be taken 
as indicating the prostimJty of the northern shonMine of the Gondwana 
land, hut allomnce must be made for their overthrust which should have 
carried them some distance south of their original location. 


LMARIA MARINE BED 

An interesting discxjvery made by K. P. Sinor some years ago is the 
^CM^currende of a 10 feet thick band of highly fossiliferoiis maiirK^ sandstones 
and clajTS lying on the bouldcr-bed in a railway cutting west of Omaria. 
More recently* Ghosh (Science and Culture, Xl.K, 620. 1954} found 
a similar marine bed at Anukpur son^ distance cast of Umaria but it is 
inttucalated with boulder-beds. The Hmaria marine be<l overlies the 
Talcbir boulder-bed but pa.sscs upwiirds without any \l*5ihk break into the 
o\^rlying Barakar rocks. It contains four thin horiscoiis pocked with 
fossils, comprising only a few' sEunm—Producim, Spmfintm, RtHadana 
and a few^ small gastropods, the first of these being the most common. 
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PXjVTE IV 

LOWER GONDWAXA FL.\NTS I 



Explakaho:? or Vuhtm tV 

I, PkyllolAiiA irndins. ScAllPMCuri} fpir^a'anfn^V. 4. E-ariVHMv 

5. spkrmpfms ^ AlfihopLris r^Ui. 

The fo 5 si]& are stniat^ and probably represent the remnants of a marine 
latma whose habitat was gradually becDining fresh water by mundatiori 
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from tlio rivers flowing into this aim of the sea from the surrounciing land* 
The fauna shows^ according to Cowper Reed, an admixture of chaiacters 
of Carboniferous and Permian ago but the species arc all new, ^vith highly 
individual chanictcrs. From the nature of the fauna it is thought that 
this area was connected with the sea o^ the Salt Range and that the age of 
the beds more or less corrE^sponds to the Karliarbari stage of GIridih, to the 
Euiydesma and Conukria beds of Salt Range and to the Gangamopteris 
beds of Kashmir, The more Important fossils in these are :— 

BraebiapoUa ... Pri>ducius umarwwiis (atniad^nt), P. rranaAdJuu, 

Spiri/et Matwrhfniit, hartMAatfnsis, 

AtAyris ftJf. firofea 

«r!^stT<>|'HOdd ... - .*+ PUarm^ana 

Atsci fisU remasas and crinciLil sterna 


DAMUDA [DAMODAR) SYSTEM 

These formations, which attain a oonsiderabte thickni?ss and are of 
great economic importance, have the status of a S>*stem and include four 
series nV* Karharbari, Barakar^ Barren Measures and Kaniganj* This 
System takes its uamc from the f>arnodar river (a tributary of the Hooghfy 
river) which flows through the Bokaro, Jharia and Ranigsinj fields, and is 
the most extensive and best developed sub-division of the Gondwanas. 

Karharbarl Staj|e.—.Above the Takhir Series there is a distinct 
ancon form tty wliich is succeeded by the Karbarbari beds in the Giridih 
coalfield, the name being derived froin a \Hllage in this area. Here it forms 
the lower portion of the coal-bearing Barakar rocks and is separated from 
the typical Barakars by a thickness of barren sandstone. Though forming 
a distinct stage as decided on palacobotanicai evidence^ this is strati- 
graphically more allied to the overlying Barakars than to the Talchirs. 

ThLs stage consists of pebbly grits and sandstones which attain a 
thickness of 200—400 feet and contain intercalated ooal seams two of whicfi 
are important and am being wtjirked. It has been recognised in the Karan- 
pura^ HutaTp Daltonganj, UmaHa, Mohpaniand Shahpur hekls. 


The fossils found m this stage are :— 


Ptcrid ospernuw 


ConiBi^e^ 

Ccflifcralrs 

Incertae 


GhiS&pttrU C. dfapkms^ C. GamgA- 

moptfris cydoptfroidtj, vm, tJ. angutfi/idiaf 

0, huri^u^, VttfiArana C^ndtPunidiMm 

IW^^fOpirridimM} vaUdum 

Nofggfr^itkioptit Au/o>pj, JV. *V, irAif^iapd 

Buriadim Mwawdi. Af^iratUxJ^Hs oMkami 
C^ipifridium ap., OfiitAarta Arbma 

ixdita, Satmftinii miUeri^ S_ tanigamjimstM, C^dmi- 
OMfpHJ iwdKWS 
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The Gattgamopt^rk beds at Khumnii and NagmiiTg in Kashmir contain 
the amphibians ornaius, Lysipit^ryginm d^rJ^^ai, Actinodi>ii 

risineitsis and the ganoid iishes Amb^ypUftiS Kmhmireims. and A, iymmd- 
ricus and also iho following plants :— 

PUridOffpertnaQ ... Ghssopifris initica. GaR^amoptrht Vtrif* 

braria 

Cofdaitalct ... ... hhlopi 

Cmkga,i3c» ? ... ... Psygut^hytlum Jmydem 

These beds ate intercalated with pyrodastics and arc overlain by 
the Panjal traps* The GangaEnopteris lieds of Golabgarh Pass and Morahom 
ate ovetlaJti by the marine Zewan beds of Middle Penti^an age* 

i 

BARAKAR SERIES 

The name is derived from the Barakar river which cuts across this 
stage in the Raniganj caalheLd. It consists of a thickness of 2.500 feet 
of white to fawn coloured sandstones and grits ^vith occasional conglo- 
memtes and beds of shale in the Jharia coalhcld* The sandstones often 
contain more or less decomposed feldspars. Because of their uneven 
hardness, the sandstones w’eatlier with a rough surface and produce pot^ 
holes in stream beds. This stage contains much oarbanaccotis matter 
in the form of streaks^ Icntkies and seams of coal, Tn the Jharia coalfield^ 
the Barakars include at least 24 seams of coal^ each more than 4 feet in 
thickness, and it has been calculated that over 240 feet of coal arc present 
in the total thickness of some 2.000 feet of strata^ 

This is the chief coal-bearing stage in practically all the Lower Gondwana 
areas of India, including Darjeeling* Buxa Dimrs and Abor Hills. In the 
last mentioned place the base of the Barakars shows intcrc.alations of marine 
beds containing anthtacolithic fauna. In all the areas where the Barakars 
are e.'tposed, it is seen that sandstones with false-bedding, shales and coal- 
seams appear in this order and are repeated over and over again. The 
sandstones sometimes contain trunks of trees but generally they lie Hat. 
The Barakar scants are best dcvclopctl in the Jharia coahield, where the 
ratio of the thickness of coal to that of the strata i.s as high as I t S. 
Occasionally vciy' thick seams occur, such as the Kargali seam of Bokaro 
and th e Korba seam of Hasdo valley each of which is about I TO feet t hick. 
In several cases the coal seams are associated with beds of fiie-day. 

The Barakars seem to have been laid down in a series of large shallow 
lakes some of which were probably connected by strcanris. The coal 
appears to be due to the accumulation of httge amounts of debris of ter¬ 
restrial plants accumulated under quiescent and stagnant conditions. 
Though coal is so abundant in the flarakar strata, plant fossils are found 
only ill some localities and animal fossils seem to be completely absent. 
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AruDiii^ the more important fossiJ plants in the Barakars are : 


Equw^Ulis 

SphcnOphylluEp^ ««i 
Pteiiclospcrmae 


Cycadophyta 

Copdftitali^ 

InCdrtjic 


i.r 5£^^(x£nuiira ^oif^EL^KrtMJM, S. wardi, 
gri^ibaeki 

Sph^nophyUttm sp^cio^itm 

... iitamfpUrif ittdiea, G!otSi>pitrii £DiflMitJti.Sp G. tfmfda, 
r4ti/rwa^ Gangxw&piirrii iyffttpttr^du (oflly in thn 
l^wur bedsh Spbrnoptm pipfyvm^pAa 

... Tm^ni^ptfriE damtBid^s, frddmi, Piwi4d^iifrmis 

hedlM 

... i^oeggiyfUki&psii. hhlapu wkifitatta. 0^di?xyl^n 

inditttm 

... Phipiditpsu ginitgfnd^s 

..r Batak^a di^kafoma^ £>i^yapi^idium ip^ri/Mum, 
CordauarpHs cf. 


The Barakars are found at several places aiong the Sub^HiiTLalayafi 
zone m N^epal, Sikkim, Bhutan and the Assam HimaJaya, In the Dar¬ 
jeeling area they are found, ^ith occasional coal seams, at Pankabari and 
other places. A glacial boulder bed has been noted at Tindharia at the 
biise of the Gondi^anas. 


In the Eangit valley of Sikkim ^ plant-bearing Lower Gonriwanas and 
pebble beds and containing coal seams have been dJstmvered at Naya Bamr, 
Khemgaon and other places. The plants include Gbssopt^ris, V^rkpr&na 
and Schizonmra. In the same area poorly preseni'ed Spirtfirids, F^mskUa, 
etc, have Ijccn found in some exposures between the Rangit and Tista 
rivers (A. M. N. Ghosh—Prelinimary Notes on Rangit Valley Coalfield^ 
Sikkim. Ind. 3/iWmis, 6. No, 3, 1953). Upper Carboniferous and Permian 
marine fossils haA-e been collected by Wager in the Lachi ridge. The 
former include ProdtKlus, Aihyris, Spingir^tla, etc;, w'hllc the latter show 

sp.. Syringolhyris hdrkktri, Fenes- 
treUina, etc. Between the two fossUlfeTous beds are 600 feet of pebble 
beds consisting of pebbles and coarse angular gitLins of quartz and feldspar 
in a fine silic{K>us silt* These are thought to represent the Talchir boulder- 
beds. Maclarcn found bhiish limestone boulders contaimng Pemno- 
Carboniferous marine fossils at the mouth of the Subansiri gorge. These 
yielded Prodiaiiis, Spirijer, Didasma, Rettcuiaria^ ChoneUs, etc* and arc 
the eqiiiv'alents of the Ruling Shales of Spith TThe source of this limestone 
has now been ascertained by B. Laskar to be in the Ranganadi basin about 
2G mDes SAV. of the above locality just north of the Tertiary belt* The 
Gondwana rocks arc overthrust by the Miri quartzites (Parana ?j and by 
rocks resembling the Buxa Scries. 


In the Sirct>g river vaJIcy in tJic Abor Hills also similar limestones have 
been found. These may be continuous with the expK^sures in the Dikrang 
VAlle>' to the south-vrest. Lower Gondwanas with the charactedstic plant 
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PLATE V 

LOS\TvR GONPWANA PLANTS IT 



4. 



ExPAANATKKN Of PtATT V 

1+ 1. Soeggtraikiopiu 3. PaWo[<i^4.pia 

£70fPjfafiio;^#nT £ydoprfV0i4ts. 5. 
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fossiki and sometime with crushed coal occur in tlic Scla Agency where 
they lie over thir Tipanis arid are overndden by Doling schists ; in the 
Kala Pani ajtd the Hor Nsuii in Bhutan and in the Aka Hilk north of Teapur 
and in the Bharati valley. 

The Barakars in most of these exposure arc generally thrust over 
the Siwaliks or other Upper Tertiary Tipam) sediments, which are in 
torn civ^rridd^ii by more ancit^it rock-is such as the and Dating Scries. 


HAKliEX ^[EASLrRDS (IRONSTONE SHALtjlS) 

Thu Barren Measures, which interteae ktween the BxXrakar and 
Raniganj stages in tlie Jhariu coalfield, arc «boiit 2.000 feet thick being 
entirely barren of coal seams, but containing streaks of carbonaceous 
matter^ The 3 ' consist mostly of sandstoneSp vehich are somewhat less 
coarse than the Barakar type, and are represented in the Raniganj coal¬ 
field by the Ironstone Shales whose thickness is about 1,400 feet. Their 
representatives are thinner stiU in the Karanpnra fiekls and further west. 
They consist generally of carbonaceous shales with clay-ironstone nodules 
which arc ssderitic at dcpih^ hut when oxidised at arid near the sur&jce 
become Hmonitic. These arc, in placs, rich enough to fonn workable 
iron-ore. Formerly the nodules used to he collected at the surface or from 
shallow' pits for use in the blast furnaces ol the Bengal Iron Co^ (since 
amalgamated with the Indian Iron & Steel Co.) situated at Kniti. The 
ironstone contains about 35-40 per cent, iron* The Bamn Measures are 
seen in the Jharia and KaTonpuraL fields but when followed in the coal-^ 
fields further west, they merge more or less into the overlying Raniganf 
Series which are also barren of coal seams. 

The fossils plants fotind in the Barren ^Measures iire ■ 

Eycopmltales .** ... ^ 

FtcridC4pcLituw? .... iffdica, G. GAif^amopUris 

Cordoilates ... .., kiil&pi 

Motur Stage.—In the Satpura area the Barren Measures seem to be 
represented by the Motur Stage which is also devoid of coal. Tha consists 
of white sandstones with Intdrcalated layers of red^ >el|ow and carbonaceous 
shales as in the Fench vaUey* In the Tawa v'alley of the Bctul district 
the Moturs do not contain red clays but show brownish and greenish 
sandstones and buff to greenish ck>"s which are often caleareous. 
In South Rewa, the beds occurring between the Barakars and the Pali 
an<i Daigon beds (Raniganj age) arc apparently to be referred to the Barren 
Measures. 
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PLATli VI 

LOWER GONDWAXA PLjVNTS III 




EXKhAMATIINI Of PLATE VI 

]. Gbttsopbru dttipitKi. 2. Gt^ssipimt indita and G. angutli/oHa^ i. Ctotto- 
fftrit TtHftra, 4, GfatiOptirit iTtwnianm. S, Bittiadia ttamtdi. 
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R A NIG AN J SERIES 


This is t^^piodly ilavdoped in the R^ganj coalfield where it attains 
a thkkness of over 3.Q0D feel. It is of about the same thicknc^ in the 
Satpura area where it is known as Uie Bijori Stage^ but is th inner (l.SSO feet) 
in the Jharia coalfielrh In the tyjie anea it consists of s[mdstQnes, shales 
and coal-seams, the sandstonits being definitely finer grained than those of 
the Barakar Series, V^al liable coal-seams occur in these strata only in the 
Raniganj coalfield. The coal is higher in volatiles and moisture than the 
Hamlcar coal, and tfjere are certain steams, like the Dishcigarb, Boniati 
aiKl Sanctoria seams, which are excellent, long-flame, steam coals. 

Fossil wood (D^oxyhn) has been found in the upper part of this 
stage both in the Ranigan] and Jharta fields and in the Motur beds of the 
Pench and Tawa valJcj^. 

Typical fossils of the Raniganj stage are : 


EqaiBctaJcft 
Spbenuphyllalc^ 
Falica]?4 ? 
HtrKliWfwrmae 


Cycadaptiyia 

rotiiferalrs 

Inctrlar 


gondamH£nsis. P^yiiotAtca indte^ 
SphffKtphyiium spKtosHfu 
Akih&pffiri^ 

iuJka, G. Mmmuniir 0. G, 

G+ snjptiiifolij. G. strkta, G, teriw?^. G, 
fmtnw, G, fIjtrfririM; Gauffomoffim 

urkittianta, V^rfibrarm indiea^ ^pktmOptfrU 
S. potymorpha, Peeoplerh phe^opferiodM 
Ta^»iopitHi T. fiddtni 

Nofiggfruihmpsis hUiapi 
Bkipid^pti^ dimii«^n4s 
Buriadia { uwurdt 

Fafoimrifmria- Btkmmpkrif iwwrfMMJOHtflM, 

Dictyoptmdium sp&wiferm, ? (AcH^^tfris) htHga- 
Ienji$, Samai^opsit 


The Raniganj Stage ts represented by the Bijori Stage in the Satpnras^ 
by the Kamthi beds of Nagpur and the Wapdha valley in Chanda ■ the Pali 
beds in South Kewa ; the Himgir beds in the Mahanadi and Brahinani 
valleys I tivc Ahnod beds occurting just south of the Pachmarhi scarp ; 
and the ChintaJpudi sandstones of tlie Godavari vaEey, 


The Kamtbi Beds [named after Kanipteenear Nagpur) cQmprise red 
and grey argillaceous sandstones and conglouieTutes with interstratified 
shales. The beds contain patches and nodules of ferruginous material. 
They extend dowm into the Wardha-Godav'ari valley where it is difliciilt 
to separate them from the lithologically similar Upper Gondwanag, and 
where this fades of rocks may indude both Raniganj and Panchet Scries. 
Their lithology lias Jed to the confusion of correlating them with the 
Pachmarhi sandstones and Supra-Panchets, They contain only zmpressionf 
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of plants and pnitticaJly no carbonaceous matter. The fossilis found in 
the Kamthis are r—Er^uisetales r Phyfiotk^ l Pteridospermae : 

Gl<?ssoptcrii G* fomwfiifiis, G, C. sfrida, G. amp^a, Gang^- 

moptcris hitgfiesi, Vertcbrarin indt^n \ C>'cadpphyU : TaeniopUrh cf, 
r9uicMiandt\ T, dmai'oides, F, feddem ; Cordaitalcs : Nocggerafhmpsh 
hiiiopL 

The Pali Beds (named alter Pali near Birsinghpnr railway station 
on the Katni-Bibspur line) ooitsist ofeoam Iddspathic sandstones asaH:i€:iated 
with ferruginous and argillaceous bands, the latter yieldii^ plant fossils 
of Raniganj age such as, hislopi\ Datiaeopsis hi$ghist\ 

Thinnfi^sa odonlopUroides. 

The Hlm^ir Beds of the Raigarh-flinigir coalfield are composed 
of red sandstones and sJsales of Kamthi facies vi^hich overlie the Barakars 
anconformably^ They contain a Raniganj flora which includes : Equi- 
setalcs : SchiioncitfU gQifdtpjAn<n$is ; Pteridospemiaje : Gios^pl^ns indica, 
G* C, G. a^mvitmis, Verl^-braria indica, Ppcupfms 

lindieyana, and Sph^nopims phynwrpha^ 

The Bljori Beds in the Chkindwara district, comprising sandstones, 
Txijcaceoiis flags and shales which are sometimes caibonaceous have been 
found to contain remains of the Jab^Tinthodont Gonduamsauras bijonensi& 
and the following plant fossils : Equisetales : ScMzon^ura gofiditancnsis : 
Sphenophyllales : Sph^nophyllum sptetassttn ; Ptcridospermae ; G^osso^- 
i^is communis, G. damudka^ G. angusli/olin, G. Gangatnopti-rk, 

sp,> Vrrtebrorio indka ; Incertac : Saniaropsis cf. pimmin. 

The Almod Beds v,we originally referrecl to the Panchet by U, B, 
Medljcott, but are now* cliiHisifictl with the Bijoris by H, Crookshank. 


THE PANCHET SERIES 

The Panchet Series succeeds the Eaniganj Series with a slight uncon¬ 
formity and sometimes overlaps on to the Bamkars, The rocks of this 
Series, which have a total thickness of 1,500 to 2,000 feet, rest upon the 
Raniganj Series of the Raniganj coalfield and constitute the Panchet hill 
w hich Is a prominen t landiTLark. They comprise greenish, bu It. and brownish 
sandstones and sliafes In the lower part, and greyish micaceous and felds- 
pathic sandstones and shales in the upper part. The sandstones are often 
false-bedded and contain no coal-seams or carbonaojous matter. They 
are not known in the Jharia coalfield, but their equivalents are found in 
Bokaro and Auranga. The Aimod beds in the Paehmarhi area may pro¬ 
bably be of Panchet age in large part. The Mangii beds of the Waitlha 
valley, composed of tine red and yellow sandstones and grits which are 
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somotinies used as ornamental building stones and are more or less siinilai' 
in appearance to the beds of Kamthi, are also referable to the Panchets 
on fossil evidence, since they contain Brach^ps iatktps (a labyrinthodont) 
and Esthcria (crustacean). The lower part of the Panchet beds is found 
near Jflaitur, iiorth-westof Asansol, w'hece plant fossils {GiossikpUrh, Schisan- 
ne^ufa, etc.) arc found, with close Daintxlar alfinities, anrl also PK 9 pteti$ 
coiicittna and Cydopkris ^acAyracilis, A slightly higher horizon near 
Deoli, called the Deoli beds (also in the Raniganj field on the Damodar 
river) has yielded the following fossils 

llAbyrinthodoatA ... ... Geniotfypluf le»giri>flrU, O. Glyptognatiu* 

Ptuhysema ineamaia, Pathysnaikut tiritw- 

UAif, 

Reptiles ... J>ieyjHMba eneiOoJlj, £piciimpadfm inileus, 

Cru5tau>a ... ... Esthme maHfUfmit. 

The Parsom Stage.—’This stage is named after the deserted village of 
Parsora north of Pali in South Kewa. These beds constst of medinm 
grained sandstone with noicaceous and ferruginous bands. They overlie 
the Pali beds {of Raniganj age) mth tlw intervention of several hundred 
feet of unfossiliferous strata. Some of the fem^notis beds conLiin fossil 
plants which have a distinctly younger aspect than the Damuda flora, 
GlMsopterh appears to be absent but Noc^cmihioptii [Cordaiks] hhlopi 
and a few other forms junrekt. Danaeopsis {Thinti/eJdia) httghesi and 
Thittft/ddia odoniopkroides arc abundant, which impart a Triassic aspect. 
The beds of Chicharia (this village being 6 or 7 miles north of Parsoia), 
Airhich may be either of the same horizon or somewhat younger, contain 
Ekinn/ddia sah/tii which is referred to the Lower Triassic by Seward (Rec. 
66. pp. 235'243). The age of the Parsora and Chicharia beds is still a moot 
question, but it may be said that it is soiiievrhere between the Raniganj 
and Maleii Stagis. 

MAHADEVA SERIES 
Pachmarhi Stage 

Tills scries is named after the Maliadeva hills on which is situated 
the celebrated Mohadeva temple near Pachmarhi, which latter place has 
given the name to the stage which forms its lo'iVer part. The upper portion 
includes both the Demva and Bagra Stages, 

The Pachmarhi Stage fonn.s the magniheent scarp above which tlie 
town of Pachmarhi is situated, and attains a thiclmess of about 2,500 feet. 
It» of the nature of a huge lenticular mass of sandstone between the Denwa 
and Bijori beds, and consists of red aiul buff sandstones with some red 
days near the base and top. There are layers of haematitic clay and 
pfoty veins of hard dense ferruginaus matter w'hlch. on weathering, resemble 
broken pieces of potterj'. The Pachmarhi and other stages of the Slaha- 
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dtivais are cntirfiy devoid of carbonaceous matterp though the clayey layers 
sometime!^ show leaf impressjona^ The sandstones are generally somewhat 
coarse grained and tinted in various shades of red because of the dissemi¬ 
nated ferric iron. Some of the Pachniarhi sandstones are of gcK5d quality 
for building and liave been used at Pachraarhip Warora and other places. 

In the Damodar valley tlie Mahadeva Scries is knotvn by the vague 
term Supra-Panchet which may also include the Dargapur beds qf the 
Raniganj held. In the Rajmahal hills it is represented by the Dubmjpur 
Sandstone, The Diirgapur beds have^ howevetp not yielded any fossils and 
the>‘ may even be of Terlbry age. Some saurlstones neat Snri (Burdwan 
district} w'hich are probabty n?Iated to these have yielded angfosjxjrmoiis 
wood which indicate a Middle Tertiary age. 


Malerl (Marw^etl) Stage 

This stage, named after the village of Marweii near the Tandur ooal- 
held in Asifabad district of Hyderabad State, consists of red clays and 
subordinate sandstones which are often calcareo^is. Here it jests on the 
Kamthirj and is followed by the Kota beds seen near Simneha. Reptilian 
and fish remains and coprolites have been ohtahietl from the red cky 
beds. 


The same stage (called Tthi beds} is dweloped in South Rewa at 30(1 
axonnd Tiki near Eeohari when? also it has the same lithological cbaracters 
as at Marudh The vertebrate fossils found here include :— 


Labyrinlh^c^nta ... 
Rpptilfs 

SaurtKhia 

"theccMjont 
Fitbcfl , 


... {PajadafKdQn} ku^ttyi f Paradapedon 

mdifiift hrtodim^ Par^mtekUf 

,,, Coeimvmmia, Saufi^poiomiatph^ cf. maiBofpmdytut 
Ctraiwlui kuniffriiiHus, C. hid(^p£anai, C uiVapA 


The reptilian fossils indicate an Upper Triassic age for these beds^ 
There are also some fresh'water unionids and large trunks of lossil wood. 


Denwti and Bagra Stages 

These two correspond roughly to the Malori Stage* The Deawu Stage 
conformably overlies the Pachmarhis and consists of about l,2f)0 feet of 
pale brownish or greenish yellowy brightp mottled red clays with subordinate 
bands of white and yellow sandstones which are often calcareous, WTten 
followed soudiwurdSp the Denwa cla>^ and the ovcrlj^i^g Jabalpur Stage 
pass under the Deccan trap and then emerge as thinner beds in the Pench 
valley. The Denwas contain remains of Masti?donsaMru^ tndicus (allied 
to Capitosourus and Met{?pias) and some obscure plant renmins. The 
labyrinthodont remains point to Upper Triassic or Rhaetic age. 
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Bilgra Stage 

Thid stage consists ot pebble-heds and conglomcrato with red jasper 
in a matrix of red sandy clay, and lies unconfortnably on the Arehaeatis 
or on Lower tpondwanas. Followed sonth^vards, the Bagras pass latcndly 
into the Denwas so that they may be considered as shore-line deposits 
partly equivalent to* and partly younger than, the Denivas. The samlstonfis 
of the Tainia scarp Lying above the Denwas, though lithologically siniilar 
to the Pachmarhis, are considered to be part of Uie Upper Dcrtiwa beds. 


R.AJMAHAL SERIES 


Ra|mabat Stage 


The type area is the Rajmahal hills at the head of the Ganges delta 
near the border of Bihar and Bengal. This series consists of L500—2.000 
feet of b«^altic lava flows with intercalated carbonaceous shales and days, 
some of these being sllioified and porceUanotcl. Two of the dows near 
TaJjhart are of pitchstone. The total thickness of these intercalated 
sedimentary beds is only 100 feet, each bE?d being 5 to 20 feet thick. The 
intertrappean sedimenU between the lower four of five flows contain plant 
remains, fossil wood and unionids. The more important plant fossils 
found in the chert beds near Nipania £24^ U' : 87*^ 33 Amajhola. Kalajhor, 
^tc. are 


Equim: talcs !■ + % BBi 

Lycopodia) eft 

J^ilicales ■.sr 41 ■ 


Ptcridcupermac ? ... 
■CycadophyU 


<^iikfflrale9 


Caytonioln ■ P-F + + S 

'GycqnuspcrfflOiift stenii and 


locerta^ 


LycffpodiUM grMilit, Lyci>MyfQ» spp 
Mi^AiiiQpiis ilUtchimitti RUkhtAoiJUs, 

CUdopMUbU denikuUHit, CtmiffpUwk hytmMpkyl- 
SphfmipUrU kiiiifpL Pe€opt*ris io^a, 
ttyrt/Ara rajmakoUnM*, TiHpakaria simm^ 

DuttMQpsit rajmakmiwnsiSf TAintt/i^ia sp, 

PtiSAipkyllum atuiifmtrn, P. euitk^ns^, Oio^mmikt 
Utf/yofinrti/M /oJcafim, D. ind^us* 
TiHFUiopi^U r. spoSiilaia, T. mussEfotim, F. 

mmitii, T, &vni(t, F. ^ituin^rvis, miMifwia 
{PimpJ^Ilt^m) prinedpi, N* 

mf>rrisi 42 na^ S. X. biadraimntmsi^ 

EModadus (PdJfisiyul ddnfiria, EainospGriist (Fa/iisynJ 
tHdica, Pa^iopkySlum pd^grirnttm, BfackypkyUum 

ffpitnsum 

SagitKpidrit 

Sipamatyfirn gttpml, PfmifTyha sahnii, Nipamios^ 
triAvs Ornikiddmd^orn /ttmmif 

irobtiS rajmdkakruU^ Sakriifriibuf ni^ilij, Cansf- 
»p. 

Eajiaakftlut paroJtfXa, 
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PLATE VII 

UPPER GONl>WANA PLANTS I 



EkFLANJ^TON of PlATf VII 


Ip SpAmDp$iTit? kiihpi. 2- Mm'stHopiiA mMnvmrpa, 3- gJMk- 

tmoidu. 4 . PHiopkyHum Mttti/otistm. 

The Rajmahal Traps bear a great rsemblance to the Discern Traps iir 
composition and vary from doledtes to basalts, depending on their texture. 
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Phcnocrysts or aggregates of feldspar ajid pigeonite are irregularly distri¬ 
buted in a ground-mass of labradorite^ pigeouile^ augitr, magnetite, glass 
and also palaggnite and chlorophaeite. Some flows are vrsicularj. the 
cavities being £Jled witb calclte, ekakedony and analcite. The topmast 
flow Is 250 feel thick bnt the others are thinner, the average being about 
75 feet. Pumice, variolite and pitchstone are sometimes found. The 
traps are lateritsed in some pbci^ and the iatcrite was at one time used 
as ore for iron smeltings 

The Rajmahals were regarded as i^iassic by Feistmiintel but Halle 
thought they are Middle Jurassic, while Du Toit suggested that the base of 
the series may extend down into the Rhaetic. Sahni expressed the opinion 
that none of the Rajmahal plants indicate a younger 3^ than Upper 
Jurassic. 

Kota Stage 

In the Pranhita-Godavari valley, the Kota stage, naowti after Kota 
w^hich is 5 miles north of Sironeha, is about 2,000 feet thick and occurs 
above the Maieri beds probably wdth an unconformity. The constituent 
strata are mostly sandstones and grits of light to browTi colour, with red 
clay bands and a few limestone beds. They sometimes contain carbona¬ 
ceous clays and thin coal seams. 

Plant fossils have been found near Gangapur and An^^ram 

CycBdopbyta ..* ... acuh/6ti«m, 

Con\£m^ ... ... {^Pafiasyii) jobalpmtKdit, 

£4 (TojtfrJ) R^inefSporiltA indka, Arauesr- 

im JciAftfArtPfif. 

The Crustacean Eatheria and also ganokl fi-sh remains are found In a 
limestone exjxisure near Kota i^Lcpidoim ifisMnfNsis, L. ftriviceps, L. 

Ttirag&not^pis oldkami, Daptdius ggirtom, 

Chikiala Stage 

This is named after a village some 10 miles north of Kota and consists 
of brown and buff sandstones, generally ferruginous, and some conglameTates, 
the thickness being 500 feet 4 It does not contain shale beds and the basal 
conglomerate seems to indicate an uneonformityp though the itinctzon 
between Kota and Ctukiala is always covered by alluvimn. Some 
unimportant coal beds are occasionally presnil in the Chiklala 5andstODeS4, 

JABALPUR SERIES 

This series is divided into two stages, the lower called Chaugan 
and the upper Jab^pur They consist of white and l^ght coloured clays 
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so^t sandstones. Some of the sh^^ arc carbonaceous, and 
such of the coal scaurs as occur (for cxampic in the Hard and Morand 
rivets in the Satpura region) arc not of economic importance. Plant 
fossils occur in botla the stages, the Chaugan Stage fossils ticseinbling those 
of Kota, The two stages contain the following fossils i —■ 


Ptcrideapennac ? Thum/rtdia sp. 

Cycadoptivla ,.r Diiiy&iamiifi iadieittt TatMt^ptfHf 

Anomomtviles cL NUiSsnia 

pi^iiKepi, \r -V- riifmahaJitutii 

Oniift raJes - - - • - r&gfifpkyiiftrK di 

Fossils of the Jabalpur stage :— 

PUioiJctti GieichMniiti f^iekenoid^s^ C^idijphtlsbfs tn^diiiidiiaiUlt^ 

Ebomcia 

C>'catiopli>i3i rr* --- EiittypkytiuNi acKfi/aJiPnn, hiilapi, WtUmm-' 

Miiim ividun. 


-- ntaixtifdm fAbtdpwwitmii, E. ptama i^roikypkyUvm 
^xpansum, Pagiopkyltum cJ. perrs^mum, i7rlifte£- 
piorilff dmmaril€§ cuUhjin^h, A* ma€r&p- 

t£THs, A. 

<»iiikgoaJ^ ? r-> ^-- Ph^nia>psis sp. 

Inct^rtn^s -r -- PodtMiimitjit 


KathLuwar —In l>hrangadhra ami W^uibwan tii the western part of 
Cufrat there is a large outcrop of nearly horizontal sandstones occupying 
an area of POOO sej, miles. They arc, for the most part, oklcr than the 
Umk beds of Cutch and homata?^iaL with the Jabalpur betls. These beds 
arc LOGO feet thick, the lower half being of Jabalpur age and the upper 
half of Umia age. 

The lower beds comprise soft yellow sandstones w ith white specks of 
kaulinised feldspar, femiginous concmtbi^ and intercalations of carbonace- 
’Oils shales and thin coal seams. Them are fcrrtiginotis shales locally cnrichM 
to masses of hacinatite. The shales contain plmu fossils of the Jabalpur 
facies and also several common to Jabalpur aiad Umia stages i — 

FiltCoJcS 

<^'CAdephyta --i PiU^pkyllum €tii^h€nM 

The upper beds consist of gritty harsh sandstones of purple or dark 
colour With layers of congloiuerate. This upper division is probably 
-equivalent to the Umia beds of Cutch and the Tim pati Sandstones. 


These Gondwana beds are ov'erlaui by the Wadhwan SandsUynas which 
am probably the equivalents of the Bagh and Lameta beds. In the Idar 
State there are some sandstones called (Ahmcdnagar) Sand- 

from which the jcerophj'tk: ferns —Mahnidium indi&i and IVeich^^i^ 
reiitttlata of Wcaldcn age^ have been obtained. These are probably to be 
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PL.\TE V[n 

UPPER GONDWANA PLA^'T3 II 




2 . 



E>cnAMAnc>N of PiAtt Vi|] 

I. NitfSOmi* M0rWH«i«a. 2- WiliHOHM priai^t. 3. fidcOlA. 

4 . OUjtamiltt btHgmUmti}, 5. TatmiopUrii f/mttilaitt. 



J 
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PLATE IX 

UPPER GONDWANA PLANTS Hi 






5 


Explanation of Plati IX 

1. Tani^ftrii laM. 1 I. Wiliismsi^ma uwardiaMit^ 

4^ BraeAypityUtim rk^mhUtm. 5 . Br&thyphyUum mmmiiim* 
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’CorrdatoU with the Umia plajit beds nf Cutdh and the Banner Sandstone 
of Kajasthahp the latter qontaining some angiaspenns. 

Kutch,“The uppermost division of the Upper Gonebvanas, which 
^e developed in Kutch intent ratified with iniirhe beds, is called tlie 
Umia Series after Umia village 50 rnilcs N.W. of Bhuj, The plant beds 
are probably of Ijswcr Cretaceous age, and below the Aptian beds, according 
to the earlier workers. 


Rajnath {1932} has divided the Umia Series into three stiges as below : 


Hhi^j 5tag« 


f Betls wiHl rVlIfflAXrldn 
< Bedj with I^opl^yilij m 
I^Zanrla beds 


} ^[iddi;r 
CnrUcecms 


Ukrs Stage 



CskAfwu# with marine 

/ossib 


^Aptian 


Umm Stag® 


KfttPol 


{ llMTen Sandjt^mrtf and shales 
Trigtmis beds 

Barren SiindsitonGs ^ 

i'mitim cioljtef add utiaks 
BaiTCD S^iid^tom 


nTithoDiaa 


PorUsudian and. earlier 


The lower (Umia) Stage consistsof Barren Sandstones and some marine 
beds containing Tri§onm belonging to Tkhonian and early Cretaceous age* 
The overlying Ukra beds are of marine origiii and contain ammonites of 
Aptian age. 

The Upper beds (Bhuj Stage) have yielded Bonnettitaiean and coni¬ 
ferous plant remains amongst which are PWhphyl^um Silicified 

palms (Paimoxylon mathfiri] also occur. 

The chief plant fossils found in the Umia Scries are 


Cycad^phyta 


Cfa4ophJ€bis mkifbytmis 

Fiihphy!ium P. T4gHwpUrii 

viUafAt WtUmm-'^rHia himm/nrdf 
lirachypkylittm J?rliWj^ 

fichiiS indi£A, Atfauairiiis A. ma^rop- 

ierus 


leceriae ... ap., F^ypUris sp^ifim 

These beds also contain the remains of a saurian, Piesi^sauros 


Orissa. —^At the bead of the Mahanadi delta near Cuttackp there occur 
Upper Gondwana rocks called the Athgafh b^dSf. the c^fposures being to 
some extent obscuTcd by laterite anil aHu^dum. They comprise sandstones^ 
grits, conglomerates and some white or reddish clays, the last of wbidi have 
yielded some fossils :— 


FiJiciJc« ... ... Mar4^iu>pfit Hiacf^4rpit, GhicAtmtifs x^UhtmoiAdw, 

CiadophUbi^ iudka. C wkiibytMSiSf khititm0pt*riM 
{protKibly ttw oi 4 tem)* 

teraleii 4.. ... R^inospariiti 
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'rhc Jour of these ar^ Rajmahiil speck's and therefore these beds 
are referroi to that age. 

About five miles west of Cuttack then^ are carboiiacetius shales tra¬ 
versed by basalt dykes, the shales resembling the Rajmahal inter-trnp^HMn 

Ijeds, 

The Athgarh sandstones have been used to some extent for building 
the celebrated temples of Puri (Jagannath—mutilated in English into 
Juggernaut f) and BhUYaiieshwar+ The Sun temple at Kouarak is hinll 
partly of these while the Jain caves with sculptures in the hillocks called 
Kandagiri and Uda\'ugiri, near Bhu vanish war, have been hewn out of the 
same sandstones, 

Godavari district.—The Upper GondwHUias are found between 
Rajahmundry and Vijayawada, resting ixnconfomubly upon the Kamthi 
(Chintalpudi) sandstones. They comprise three divisions, the GohptUi 
Sandsiifn^ below, Raghavapuram in the middle and the Tirup^iii 

(Tripetty) Sandsf<^ti^4 above. The lower division cx^mprises about 350 feet 
of orange to brown sandstoties and grits, enclosing a flora allie<l to the 
Rajmalial. The Ragha\^apiiram Shales which succeed them consist of 150* 
feet of white and buff sixates, sometimes variegated, and purplish aronaccous 
shales. They contain plants as well as marine fauna like Ccphalopods and 
Molluscs and may be Correlated with the Kota Stage. The Tirupati 
Sandstones (about 150 feet thickj overlie cither the Golapilli Sandstones 
or the RaghaYapuram Shales. They are red to brown sandstones and 
congfomerutes^ unfossiliferoiis on the Tirupati hill (23 miles north-east of 
EUore] but some outlying exposures of these in the neighbourhood contain 
Trigoma and other fossils. These may rougbij*' be correlated with the 
Chikiala Stage, The fossils found in these stages are :— 


Eossils of the Golapilli Stage :— 

Fliialen ... ... MaraStiopsiw mocrooifpfM, Ct^pkifbis 

imdUs 

Cycadaphyta ... FfilopkyUum acuH/Glitim^ P. Tatmiapiiri$ 

€MsiM, Pidyt^tarniiti /o/foAr, NUa^aia [PiMrophyiiumy 

liW/idMuiiOinai sp. 

Cwifiixa.tes (FdJiffya]| con/trta, Rdinoiporil^i (Pd/iu^a]h 

Fossils of the Raghavapuram Stage :— 


Fincajes 

CycajilcipihyE.il 


Comf^eaXes 
OizLkgcnlts I 
liaccrtaf 


PHbopkynum ? FimphyUum sp,, 

miiu abbrffmatfi§, Tn^iopieris sp^tUid^t, T. 

Eiatocladus fyjwmWw 

GitiAgo £rsS!iip*s 

Paebyptins Podoearniits 
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VIATK X 

UPPER GONDWA?fA THANTS IV 



ExriANATtOH OP PLAIT X 


L ^fai«Jii4us itfi/inima, 2. Eta(d^fJ^^^dHS [PARjij)ri9] jabi^puw^msis. 3. 

ArauHiritit mickrntis. 4 Pagi^pkyliitm p&rtpiwMm. 5 ^ imditm, 6 , 

lamc^olalus. 


Amongst th& emlciuiX fossils found in these beds are fi^h scales and 
several moLlusca mcludin^—Lci/o, AfytilHS, Trigonia inferlaevigata^ SqIch^ 
Teiiina, Paten^ etc. 
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Fossils of Ilie Timpati Stage t— 

Se\'eral fossils beep found in this stage, mostly mollusca and 
moUuscoide^^, aJiion^t wliich are some ammonites and belemnites 
and also Trigonia v^niriema, Inoc^ramm. Psctid&momiis, Lim& 

and Peciefi. 

Ongole Area,—In this region there am four patches in which Upper 
Gondwanas arc found. They am near Kandukur, Ongole. Vemavaram 
and Guntur. Tliie best Upper Gondwana exposures arc found near Buda- 
vada 24 miles N* by E. ot Dngole, The lower beds^ i.r.p Bt{dav{idit Smd- 
are buff coloured^ and are the piariue equivalents of the Golapilli 
Stage. They are suceecded by thin-bedded, ^ile. purplish* variegated 
shales, called the V^fnararam Shales oontamipg an abundant flora closely 
related to the Raghavapuiam Shales (Kota Stage). Ovcrlyit^ these are the 
Pavalur S&ndsi&ms which are brov.Ti and red sandstones apparently un- 
fossihferous. 

In the \ 4 cinity of Pavalur are said to occur large blocks of saudstune& 
containing marine fcKsils belong!rig to the genera iJis/flffifu'ies. Cffrithiutn, 
Osiua, Rhynchon^lfa, etc., but the rock is dissimilar to the Pavalur Sand¬ 
stone and may possibly be yourtger. 

The Budavada Sandstones have yielded the following plant fossils 
(all Beimcttitalean) :—PiihphyUum acutifolium, Taemopteris (AHgmp- 
(eridium) spaiulaia, OfezamiUs sp. and Diclyosamiks indtcas. 

The Vemaii'ardni Shales have yielded a rairly rich assemblage of fossils 
amongst which arc 

FSli fyl *** ... ... dsdopklihis {Aletk^pifrii) indica. Spk^tmpferis sp,, 

Du^sonm sp. 

Cyrodopliytd .** ... Tofnioptfris ipaiulittat Fftiopk^^iitm oettH- 

foiium, JPi Citiiktnse^ Pt^n?pkylitim diiiam^ 
lamUi pf cxtmui. 

rfinifaTii^g* ..« RelinoipfMnUi indic^t B$^MhyphyUum rajmakaUrtsis 

Af^awEariifs vp. 

L.F. Spath examined, a few years ago. the collectioTis of ammonites 
made from near Budavada by Foote, from Raghavrapuram by King and 
from Raghavapuram. Vemavatam and Budavada by L. A. N. Iyer (Pa/* lud^, 
A^S- CX, XOx 2 , pp, 827 - 829 ^ 1933 ). From the first two collections he has 
described PascofiRs btidavadcHsis and Cy/nFro/^jftfs simplex r^^pcctively^ 
both being new fossils (genera as well as spf?cies) referred to Lower Cretaoe^ 
ous from their evolutionary characteristks. Iwr's collections contained 
poorly preserved fossils in variegated shates having a non-marine aspect 
and Sometimes containing Otozamites in association. The collection 
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<on£iste<l of mostly iitriv gienem and 5[M.‘cies and not particularly well suited 
for satisfactory deturmuiation. 

Kexdewing the collections, Spath saj's that the asseinbbge of ammonitt^ 
consisting of the following, points to an Upper Neocomian age i — 

iIokodi$cti& cf. pirezimni, H. cL caiUaudtauus, HopHks cl. b&rmae, 
/i. cl, beskid^tisis, H. codat^ianm, LyU^^ras sp, cL v&gd/i, Pasmiks 
budavadtnsis, P. crassu$, and Gymnopites simplex, etc. 

Tlie floras described by Feistmantel from the East Coast Goiidivana 
strata have been assigned to the RajmahaJ (Jurassic) age* It is now 
nec(^sar>' to do careful mapping and make coltections of fossils especially 
from any marine beds still rofnainjn;^ in the area in order to decide the 
precise age. Particular attention will have to be paid to the marine strata 
for it is only the marine fossils that will provide critical data for the 
purpose. 

Mncfras*Chlngtcpiit^’ —There are tw^o occurrences near ^ladras 
which ace referable to the Upper fkiodwanas. The lower stage, named 
after Sripentmhidtir {SripermaiHr) 25 miles W.S+W. of ^fadras, contains 
marine animals and plant remains, especially in the eastern part of the 
basin. The invertebrate fossils found here aie Leda, Yofdia. Tdiina, 
Lima, etc. One or two ammonites similar to tlvi^ in the Kagtia- 

vapuram Shale are also said to have been found by Bruce Foot from loose 
boulders here, but a search in 1940 did not reveal any aninml fossils except 
mollusca, nor the boojders referred to* The plant fossils found are t — 


TilkaleS 

PtctiddspctiUiLc f ... 
Cycndoph^'ia 


<;qni{4rrAle9 


<jinlcsuit<t } 


... Cfad0pi^F^!rif a^iibymsiSy C. fiwna 

ThinnfiMm 

Titem<fpSm$ Jtp^ulalii^ T. PiihpkylimrH 

ofuiifolmmt fuItiUnsr, DStiyoiltmiUi ipu^kivj, 

eUnis [Fmi^hyiium) foatimttm 
Pai;wpk^t:Hm {FaikyphyUum] pitfS^mvm, Bratkyphyl- 
lum rflJmaJkaUMSis, B- Elat^H!{a4Ms 

E. plam, ^raueariUs A. tmuwoptmu 

... craSsipAS 


The area was studied by M+ Venkataram in 1939 -40^ The lieds 
■occur as patthes spread over nearly 800 square miles in Chingleput and 
North Arcot districts, the largest patch occurring at and around Srtperum^ 
budur. The strata are composed mainly of wliite to pink clays, shales and 
feldspatliic sandstones. They hav-e apparently been laid dow'n in shallow 
basins on an irregular flcMsr with an easterly slope and are mainly locustrine 
in character* The age deduced from the plant fossils b slightly younger 
than Rajmahal and the same as that of the Tabbowa beds of Ceylon* 
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The Uppct Stage iomts the Saiy^n'^da {Salik'idu) brds about 35 miles 
XAV. of Madras, cousistlrig of purple mottled ferruginous sandstones and 
conglomerates which contain fragnientary plant fossils. They are underlain 
by the Sripenimbudur l>cds and therefore thought to be the equivalents of 
the Tirupati Stage* 

TrichinopoJy.—Small areas of Upper Gonctwana beds are also found 
near Uttattur village in Trichinopoly district where they consist of micace¬ 
ous shaks. grey Siindstones and grits containing calcareous concretions. 
They rest on Archaean gii^dsscs and are overlain by marine Cenomanian 
beds, and contain :— ^ 

FUicalefl +.< Ciado^Ji^his indica ? Adiitapf^Fts 

CyxadDph^^ ... PHlophyUiim aciiiifaiimnt. P. fUUhsiiU. Oituamiiii 

sp^. O. rarijMn^iij. O* A 

indicHS, TatmApf^ris 

Cqpi^E^ralJC^ .** EtuiadAdMs fowforia, phMn, RjffiitAfpAriifJ fttdicA, 

ArAutarites ^uifAsmis 

These indicate the same horizon as the Vemavaram and Sripemmbudur 
beds* 

Ram n ad .—Bruce Foote found e^vposures of >'<^llow and hurt shales 
resembling the Upper Gondivana shales of Uttattur neivr Sivaganga but was 
unable to examine them in detail. 

In 1951. Gopal mapped the area and collected plant remains from 
these beds* The sediments consist of bonlder-beds and conglomerates 
at the base^ followed by micaceons sandstones and by altomaling grits 
and shales in the upper part. The plant fossils have been described by 
Gcpal and Jacob {Rec, G,S.L g4 (4), (1955) who state that they are of Kota 
age. The most important of them are :— Cladoph/tbis hhafu, C 
Ta^iopR/i^ spaiulaia, T. nidcUR^ndi, J\ GCnkgQiUs croisip^^ 

BrachyphyUam ^xpansum, Ei&loci&d»s pfana, Podazamit^^s etc. 

CEVLOX 

Upper Gundwana strata, called the Tabbow^a Series^, are found to 
occupy an area of about 1 square mile north and east of the Tabbowa tank, 
8 miles X.E. of Puttalani. They consist of sandstones, conglomeratos, 
shales and nodular iimestoncs. Tlie strata are apparently faulted into the 
gneiss, but are generally covered by alluvdum so that their actual extent k 
not knowm. The i^me rocks liave recently been found near And^gama^ 
some 16 miles south of Tabbowu and are believed to continue further south. 

^ E*J. Waylajid ; The Jurassic rocte ol Tabbowa. Jatf. Sri. XIII, Fl„ 

Pt i 1^24. 

» P. Derani yagala : Prot. firJ. So. Cintgrrsf, J940, Ft- 4, p. 77. 
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The sandstones itnd shales contain plant imprcssiona, white thin coal 
seams have been noted near Andigaina. The plant fossils were examined 
and described by Seward ami in 1^22 and a further collection 

ihas been studied by K. Jacob who states that tlie following have been 
i^lentiJied ; — 

FiUc^cs ... SphtHoptfri§ sp., Coniopf^rit «Lp., Ciadophlsbii sp. 

C. cf, C. r«viritf. 

’^ycadoph^^'til ... -++ ^paiuin^x^, SUs&&nia ct. sfAjffliiHttiuJ'fViljriJ. 

^onifcmlcs Ar»u€ii:riiifi€ui€keuAts,tiTiickypkyHumm^j^iiil^ttf 

rJWiU.f piAno, E. 9p.* DttmtApyyUum (? 

■p. 

Several d1 Ujc species agreo with those described by Fcistmantel 
from the East Coast Gondwanas of Matlras^ which arc referred to the Kota 
Stage. Seward and Holtliitn agree with this, but Jacob tliink^ that the 
age may be slightly younger, particularly as the presence of CUidophi€bii 
bFowniaiiii and Nil^ania sfkat*mhifgiHsis give the assemblage a newer 
aspect than Kota. A hnai dct'i-sion on the age of the Upper Gondwanas 
ol Ceylon and Madras mmt however await the rt'sults of further detailed 
work. 


rGNivOUS RCX KS IN THE GONDWAXAS 

DolerJce and Basult. — ^Mo^t of the Gondwana coal holds arc t raver* 
sed by hypab>^sal intrusives of basic rocks—clplcrites and basalts, which 
may be sometimes olivine-bearing—as dykes and sills. They are common 
in the Satpuran Son-Dainodar, .Assam and other fields north of the Satputa 
axis and arc comparatively rare in the Goilavari and *Mahanadi valkys- 
Some of the dykes are affected by faults while others pass through them 
without intermptioti, so that in general they may be regarded as later in 
age than the faults. Thick sills are occasionally lound, especially in Rewa 
and Satpura irgions, usually at the junction of dissimilar fomiatjons like 
shales and sandstones. Dykes are also knowTi to pass Into sills in the 
Satpura area. They generally follow straight courses and appear to be 
controlle<l by fractures in the basement rocks than in the Gundw^ana strata^ 

The intnisives of the Salpura and Kewa areas arc undoulnedJy of 
Deccan trap age. while those of ihc Damodar x^lley and .Assam are thought 
to Iw of Rajmalial age, though evidence on (Jiis point is not clear. In 
tile Rajn^aluil area the traps are dolerites, basalts and andesites, very similar 
to the Dcccan traps in their minerniJogiail characters and their age may 
be Lower to Aliddle Jurassic. 


» A, C Sewnrd and R. E. HottlMFll 1 Jiiiliffiic plants fruiU Cevtofl. /. G. S.* 
hXXViri, Pi. 3. 1922. 
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Mjca-t;improphyre.—Another type of igncoius rock is also found as 
dykes and sills in the coal Holds of the Damodar valky, Giridik and the 
DaT^oeling foot-hills^ Hus is the' mica-peridotitu ^ a lamprophyric or mica- 
rich ukrabasic rock containing alt creel olivmcH calcitc [or dolomite), brotute 
coloured mica and iiuich apatite. Frtsh and unaltered rock is rather rare 
even at depUi, being dark greyp hard and tough. At the surface and in 
mme ^orkingSp as cDirunonly secn^ it Is buff coloured and soft, containing 
nests of mica. Mica-peridotite dykes are generally of small thickness 
(3 to 6ftH) and have a tendency to form anastomosing veins, lens-like masses 
and thill; flat sheets at the junction of coal seams and sandstone or in the 
coal seams themselves* They seem to have came up through faults and to 
have particuLuly preferred the coal horizons and their junctions* They 
give evidence of high fluidity and high temperature, as they have destroyed, 
coked, or otherwise Tendered the coal useless at and near their contact. 
Alongside some of the sills the coal has been dcvolatilised and converter! into 
a kind of coke [_//wjjia} for a distance of as much as 6 ft, from the contact. 
The high fluidity of the intncsive is evidenced by the intricate ramifications 
of the veins and sheets, which may often be less than an inch thick, traver¬ 
sing the cracks amidst the /Atfw^i which has developed coliitnuaj structmt?. 
Ttic rock seems also to have spread out into sheets more in the lower seams 
than in the upper, in the same area. In contrast with these, the dolcrite 
dykes are scarcely harmful to the coal and they are not found to penetrate 
the coal seams as thin veins* 

The mica-peridot it cs are seen only in the l>amcKiar valley and in the 
Lower Gondwanas ot the eastern Himalayan region. They seem to be 
nearly of the same age as the dolcrites. 


GONDWANAS IN OTHER CONTINENTS 

From the descriptions which follow, it would be noticed that strata 
of Gondwana age are extensively developed in all the southern continents 
viz,^ Australia, South African South America and even in Antarctica. Our 
knowledge of the fast named region is still very scanty because of the fact 
that it is under a permanent thick ioe cap and information about the rocks 
oecuning therein is available only from moraine materials and very rare 
rock exposures* In all these continents the equivalents of the Gondw*ana 
group begin with glacial deposits in the Upper Carboniferous and Permo- 
Carboniferous, ThereafteT there is an amelioration of climate and the 
strata laid down during the Permian contain workable coal seams formed 
under cold temperate conditions. Tbc Triassic was generally a period 
of drought and of continental conditions ; the strata include brightly 
coloured sandstones and clays indicating a high degree of oxidation and 
enclose remains of amphibians, reptiles, hshes and sUicilied fossil wood^ 
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The Jurassic period ahow^ milder clim3.te with thi^ ^levclopmc^nt of a new 
flora, but though ciidHinaceoii^ materials occur, coal seams are not commom 
The Gondwana era geuemlLy doses with extensive ckvelopment of basic 
volcanic flows which often attain great thicknesses. In India* however, 
the Gondwana era is consklurod to continue w'dl into the Cretaceous 
because of the fact that the 3 ^unger flora developed during the Jurassic 
is found to continue into some deposits whose age is referable to some 
part of the Middle Cretaceous {Aptian or Ceii^imanian), 


AUST14ALIA 

The equivalents of the Gondwana group are found in several arCiis in 
the eastern part of Australia, including Queensland, Xew South Wales 
and Tasmania, The best development is that in the coalfields of New 
South Wales and the neighbouring areas. In this region it is possible to 
distinguish a marine as well as a terrestrial facies in the Upper Carboni¬ 
ferous as shown in Table 29. 


Table 29—Composite sections of the Cakboxiferous (N-SA?*) 


TerrMtrial 

Maxiue 

Ago 

! 

upfit* KuUhhj; (4.700') 

Main glarifll pftteriOBi fcnflouiitf 
Lower gtadal 

Mndslnncs add tuJhi w^tli 
/rr* i^Wicu/itrfa and 
huriA 

Moscnvian 

Lj^uxr KuiiH»g {5.Q0D'k 

Voleanies InvM. iuffa and Cong- 
lomeratfs 

UppfT Burindi 

LiineftnfjCQ vrith intnrtalAtinl 
saiKhioiHai oud days [Lithiy- 
Litofitm etc.) 

’ ViseAn 

Burindi (5.000') 

fuff, mudatoflci* congl^ 

with raanaw fosljlf 

Lduvr Burindi {7*000") 
FiMsilifcTcms mad^ 

tuffs and t4UglAtIlr'‘ 

imtca 

Toutiui&ian 


The lowest beds, known as Lower Burindi, comprise conglomerates 
mudstones, tuffs, etc. and often contajn marine fossils. Tlic age is roughly 
Toumaisian as determined by such fossils as the Corals UiJiosIridiaa^ 
Zaphrffntis, Syring^pora, etc. These are overlain by the Lower Kuttting, 
compost of volcanic conglomerates, tuflis, la.vas, etc* the last attaining 
a thickness of nearly 2,900 feet. Their marine equivalents are the Upper 
BurincU beds consisting of sandstones, mudstones and oolitic and crinoidal 
limestones. The termstiial Lower Kuttung facies contains Lepidad^ndron 
ifiltkeimiatium, Aridtaeocalamifes. etc^ which indicate a Vtseait 
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age. arc foUowed by the Upper Ktittung h^h which enclose two 

importanl glacuU horirjinB separated by non-glacfca! lytds. The ghicial 
beds contain a Rha^iipUrti Bora mlh Calatnites atid Curdtopim^. Their 
marine equivalents are the Eimi C™k bL-ds coittaining Spirt/fr. Stjopkolosia^ 
Reiicuiariti. Sfuiihiiiiria, Phiiiip^^ia anil Fcnestellids. 

Permian : In the Iriunter Valley area {N.SAV.) the basal beds which 
Britain some glacial boulder betls possibly e^iub'ailenl to the Uppzfr Kuttting, 
are represented by the Lochiiivar formation. Thej" arc overlain by the 
Lower Marine formation consisting of conglomerates, grits, sandy shales, 
tuffs and lav^a (lows and containing ^ifrvdcsjti;f, Luia^produciuSy 

and Corals. Above these come the I^wer or GrCia Coal ]^leasures 
followed by the Upper Marine group of crinoidal ILmcstone&K mudstones and 
glacial beds. These are succeeded by the Upper Coal Measures [Tomago 
and New Castle coal measures). The Hunter Valley Permian section is 
17,500 feet thick and contains the nii^st important coal formatinns of 
Austral j a. 

Both the Lower and Upper Coal Measures contain Gh^s,apirrts^ G*iHga~ 
mopieris, Phyli&thiCa, Sph^MQpkris, CordaitfS, etc. 

In Lhe Bowen basin of Queensland the Pernio-Carboniferous and 
Pcrifiiitn section (Some 15.000 feet thick) consists of ba.sai s^leanics and 
glacials overlying unconformably the conglomerate beds of Carboniferous 
age* The volcanics are associated with shales containing khucopicTis 
flora. These are foUow^e<l by ^fiddle l?<3wcn coal rneasures and marine 
beds. The coal measures contain GiossopUfis and Gang^rfU^pt^ris while 
the marine beds have yielded Siropktilosiaf Terriik^4i (pr£>ductid), Sir^piQ- 
rhyf§^hi^, ,\fartitn'ops\s and Skmpfirn. The Upper BoW'cti beds are tiiffa- 
ccous samlstojies, and shales with coal seams. They hav^e yielded several 
spedes of Ghssapkrfs, GanganUipkrh, PhyHotht^ti. Sphctiopfms etc. The 
5f.nine facies developed in the eastern portion contains Mariimapsis. Str&- 
pkalcsifU, Terrufua, Amd^ftfhus, etc. .\ similar fauna is 

de^'eloped also in the sonthem end of the western part of the bas'm. In this 
latter. Ettrydisma is found in the Lower Bowen (Dilly lieds). 

The Trlassie is well developed in the Cumberland basin near Sydney. 
It condsts of the Narrabean group of Lower Triassic age {over 2,000 ^eet 
thick} w'hich contains Estkeria as well as Chs^pkris :md Echizomiim. The 
fish remainfi. in the upper part of the ^^atTabeau are considered to be not 
older than the lower Triassic. The succeeding fomiations are the Jf/iair- 
kesbury Scries formed of sandstones, shales and carbonaceous shales abotiC 
800 feet thick. Tliese arc succeeded hy the Wiarnmatia group which is 
also 800 feet thick and probably of Upper Triassic age. 
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The Hunter-Bo wen Orogeny extensively folded tlie Upper Palaeozoic 
strata and was accorupanied by granitic intrusions. This orogeny is res¬ 
ponsible for the niark<^ unconfonuity which is almost alwa^-s seen at the 
base of the Triassic^ 


TASMANIA 

The succession of formations in Tasmania b shown in the accompanying 
Table. The whole of the Permian section totals about 2,500 feet thick and 
consists of a quartzite-ILmestone suite^ The environment varies from 
lacustrine or ^uviatile to shallow marine. The Hunter-Bowen orogeny 
whose locus WTis in the mainland ^ influenced Tasmanian deposits and 
raised up the basin of deposttion Induclr^ erosion in some plaj^„ so that 
there is alw^ays a marked disconformity below the Triassic. The Granfm 
Limtsion^, Grange Mudskrtte and IToftfftnrfgf Glaciais are correlated with 
the different parts of the Upper Marine Series ol N.SAV., on the evidence 
of fossils. These fossils include I-tn€sMa, Si^opora and other bryozoa* 
Jn the Hobart area Eurysksma occurs. Other marine fossils include 
Stropholosin. Pofy^w and PFoimUpora umpia. 


TAftt.E 30— The Gondw.^xa GKOUf is Tasmania 


1 

FonriAlijoiu 

Eqnivaisitii 

1 - 1 
Jui^^c ...j 

1 Dcilmte aod | 

Iptwich SexicA 

Up. Sc. Mid Tri^. 

FiispaiAic SandstOH* ft.) with TAimj*- 

ffiMiP, PhylloikefA, Cladopkfebv, Johmlonim, 
Pho^mkopsiu 

L. TiiftB 

Kndxkk/iy :E 4 N 40 i 4 »iw uid ilmlA (700 It.) wiiU 
Pkyll^kf£s. 

Tartarian 

Kaxofuaii 

KungariAn 

CygnH Coal (200 ft) with Ghisop- 

terk dv. 

Ffntir&t mudMam f JOO ft.) 

Up^CcKll 

Measures 

:\rtiilBkuin 

(Risdoti 

forcnatioiu),. 

H glacjok (400 ft.) with StetMoporo 

Gran^f Miidtkmt {300 ft) with If'yn^AdJtfjii 

' Pi^kr s Httt mvdEfoMi (50 ft J 

i GFanJ! 0 ri Htmslom and mari with ^urj.'^rMa iLfuf 
Sknopora. 

Upjwr Marine 
Series 

' Part of Lowier 
Mfiiiiie Series 

1 

SAldiiAriAn 

Basil GLidaL brtU (400 ft) 

-tjEKmljorniit)-'- -— 

! 

I 


LOWER PAL.\EOZOIC ROCKS 
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(iEOLOGV OF fKOtA ANlI 

In the Woodbridgc GladaU abundant erratics found as well as a 
number of fnsal trees, The Femtree mudstone folloUi's on the Ristloii and 
is characterise^ by regular v^ars-ed sediments forated in a shallow sea. 
The Cygnet Coal Measures contain thin coal seams and several species of 
the Glossoptcris flora. 

The JTiiissk formations contain fish and Labyrinthodont remains 
as well as TAinn/eldia, ClaJopUtbts, etc. The formations are 

iacastrine In nature, The fddspathic samfetonc at the top of this system 
is associated with shales which are carhonaceous and contain several coal 
seams, some of which have be^ spoiled by intrusions of dolerilc. The 
plant fossils found in this formation are of typical late Triassic aspect 
including Thinnfrltiin. Spheiiopitris, Ci»bg9. Sagenopterii. etc. This flora 
is allietl to that of Wianamatta Scries of X.S.W, and the Ipswich Senes of 
Qyecnsljinxt. 

TIh' Jurassic in Tasmania continues on from the Triassic and is tei™* 
naied by thick cldlcritic intrusions and flows. The dolcrite is of tholeiitk 
composition consisting mainly of labradorite, pigeonitc and subordinate 
augite. 


SOUTH ATIHCA 
The Karroo System 

The Gomlwaiia group hi South Africa, known as the Karroo System 
consists of three major series, vh. the Ecca, Beaufort ami Stonnberg. The 
Karroo Sptem is underlain by the Wittebcrg Series of white sandstones 
and shales of Devonian age. The " Lower Slialcs " underlying the Dwyka 
Tillitcs were originally included in the Dwykas hut arc now relegated to 
theWitteberg. The succession is given in the following table. The Karroo 
System shows very considerable differeroes in thickn^ in the vast areas 
which it occupies, The Union of South Africa. South \Ve3t Africa^ 
Angola, Bcchuanaland. Rhodesia and East Africa, for the conditions of 
deposition in the different parts of this great basin mi»t have differod very 
much from one area to another. 

Dwyka Series. The Karroo System commences with the tillites and 
ftuviogliicial Iwtls which are called the Dwyka Scries. They are generally 
100 to 250 metres thick but might rarely be 420 metres thick. They are 
absent in Rhodesia and Kaii>koveld. They are continental in character in 
the Karroo and Transvaal regions but marine in Xamabnd where they 
contain Etttydesma and other fossils, In Bcchuanaland they contain 
glacial vari'ites and thin coal seams. 
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The lower portion of the D>v>'ka Series is of Upper Carboniferous and 
Porm^C^boniferous age. In the eastern part of the basin the glacier, 
soem to have come from the region of the Indian ocean and lo the ^tem 
part froui the north and north-west. In some areas Can^amoptent cychb- 
Uroidfs has been found at the base of the tillites. The KTirydcsma bedL 
have >ieided Cmuhria, Pr<^iici»s, Acridtpii, Palaeomseus. etc. 

Table 31— The Karroo System m South Africa (After Maack) 


(Thickness shown in metres] 



\ 

j Cape PfDvuii^o 

! 

1 XamalJLnil 

1 .. , 

KiDdkiQVtfld 

Lias 

X 

• ^ 

j Starmberg 

Volcaiiks (1400} 
(Dral(«nBbdrg), 

) 

ifandclstein 
, d«ike(30) 
of Kub-Hoch- 

AI144. 

KaiiEca 

Volcojiics (ii50) 

tip- Tmi. 

, 2 

Cft^'e Sat (250) 

HtsJ Bods (500) 

• 

Miaiq Sit (SO). 

Kcrric 

'CafdJf 


Hdltita'D BimIs (600}. 

U t A T U S 


T aftsrt^dp 

■Afliut 

Triafi.) 

J- 

a 

all 

P 

, s 

Up. Bt^lort [400] 

(BnT]|li»»ddqi| 


Scythic 
(L. Trias.) 

1 MhJ. jBdaufart {200) 



l/pr Permiail 

3 

1 

L. noiJz^Ort (600) 



L. Pesmian 

1 

^ i 

' 

Up. Zicca 1 

Mid Ec^ (1500) r 

(CmJ) 

L, EciCa 1 

Komw S«l- 
AOil Shafer 
(100) 

^tiflles Buil ^t. 
«I00). 

4Jp. CarjKHr 

i 

1 

■ 

Up- Bba3i» 1 

WhiU: Bafld COO) 

Kuppe 

(dlffj^OMirrur) 

bhiihsi. Sit [50) 
axid limcstcKDiH 


> 1 

1^ttUteS and glaciab.' 
(4«3) 

BioeJe B]4a)ta 
(CdaJ) 
varkitoL 

1 

SEalcft witb Hub 
coaU. 

' 

a \ 

! 

Batydesma beds 

Bud 

duvLo^gladals 

(500) 

and^alour-ed 

jdLM«i 

Co(Ei^lom«rate 

(tion-i{hbciil} 

m 

V. Carbon ; 


L. ShaJei | 
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Cevoniao 


Wittoberg Sit. 
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The Lower I>w>kas pass upwards into the ''White ^nd," 
the Mt'sosaunis beds. Thej- are about 200 metres m 
characterised by aquatio reptiles of the ffeneiu 
Locally the shales cany Glos^pUris, UpM^ndr»n and Dadoxyhn. 

Tlie Dwykas oomspond to the Tuharao Senes of 
ice shet't of the Kamalaiid region is supposed to have extended mo, 

Brazil, which was a contigtious area in the J 

Tfiassic, The "White Band” and the succeeding Lpper Shales att ot 
Lower Permian age and considered to Iw tmrt of the Dwyka Senas. 

Ecca Series.— I his scries is cxtretnely variable in thickness m tliflcrent 
areas iK-ing only 100 metres thick in Namaland but 1,500 metres thick in 
the Cape Province. The lower Eccas are dark unfossiliferous shales w ith 
dolomite lenses. The middle Eccas are dark shales and contam he 
maior coal measures of South Africa with several coal 
Withank coalfields region where the seams arc up to 12 metres in thickness 
There arc also bituminous oil shales. The Upper Lccas are mainly bluish 
shales The plant fossiLs found in Middle Ecca Senes mchidc 

Lycoj^iopsis drrbyi, L^pidodindron, G/o«o^f^is. G^gamopter^. 
Sphenopurif, Gof>d:^anidiuM. SpkntophyllHm, Corda^tii, ScAirewrera. etc,, 
which are typi“l components of a Pemiiaii flora. 

Beaufort Series,—The Eccas pass conformably upwards intone 
Beraufort Series wliose inasimuifi thickness is about 2,000 metra. This 
series extends from Upper Permian to the lower Trias in age. Hm: Lower 
Beaufort, which is up to 1,200 metres thick, consists of wndstoncs^l 
shales of diffemnt colours and shows throe palaeontological zones. Tins 
also contaiiK repUles (> and Gli^ptens dom. The 
Fermian-Trias boundary occurs within or ahow the top of the L^cr 
Beaufort The Middle Beaufort consists of red and green shales with a 
maximum thickness of 300 metres. It contains the L>^esa«r,tf zone with 
several reptilesi and amphibia pf L^wer Triassk age. The Lpper Bea o 
oonsists of sandstones, arkosc and coloured shales with a maximum 
thickness of 500 metres. The ProcciopkoH and C>‘>ftK»«rrt«s zones, rich 
in reptile remains, occur within these. The Glossoptcris flom found m 
these Strata arc Tfiassic in age and includes SehisOHtura. Tktiinfeidia, 
PUr<,pkyil»m. GriiAg»if«, etc. The Beaufort Series is mussing in the 
nPTlhem and north-wtstenj 

Stormberg Series.-There is generally a slratigraphical break 
between the Beaufort and Stonmlwrg Series covering the Middle Tnassic. 
The lower part of the Stormberg Series ate the Molteno lieds, the low'er 
portion of which contains some coal scams with Thtm/etdid, TaentopUns^ 
etc., while the upper portion consists of red beds with reptiles {'Tfitcodott 
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tosm4ruSr A\tAmt$pQndyifis. etc*)* They are followct:l by Ci\ve Sandstones 
which arc fine-^rainctl, maz^ivc, br^ht ix^lonrcd sandstones nf eolian origiii 
indicating a dt^scrt climate. The Cave Sandstones contain some reptiles 
and fish remains as ^A-ell as siLicified wood, their age being Rhaetic. The 
up|>er part ot the series eonststs of volcanic flows called Sto mibergor Drakens¬ 
berg volcanics which attain a thickne^ of |,4D0 metres in places. They 
'Comprise basaltic lavas as wdl as melaphj*res and porphyrites. In some 
places in the Cape Province they contain iater-trappean sandstones. The 
hiva Hows indicate a per tod of tension when GoncKvanalaiKl broke up. 
They are of Lower Jurassic age and similar lava flovr^ are also found ji^ 
Hmzil and Argentine. The Cape Province also contains intru&ives of 
Li\te Cretaceous or early Tertiary age aimprising granites, nepheline 
syenites, alkali basalts, kimberlite etc. some of which traverse the Karroo 
formations. It is not known vvlicther these are to Iks considered a later 
manifestation of the Stomiberg igneous activity. 


HAST AFRICA 

Tn XogTHtiH^^ Rhodesia the rocks of the Karroo System are well deve¬ 
loped. They begin with glacial lieds which are succeeded by the Wankie 
Series %vhich are psirtly Lower Permian and partly Middle Permian and 
contain coal seams. Hie Upjicr Permian is reprcsimted by ^fadumbisa 
Shales. .After an unconformityp the Triassic beds follow — Escarpment 
■Orits, Ihiiidstcme Group, Pebbly Arkosc and Forest Sandstone. They are 
overlain hy 2.000 feet of lava flows of StormbtTg (Jurassic) age. 

In SoiTTFrERN Rhodesia the Wankie Series is represented by the 
Lower Metalvila beds and Bnsse Series while the Upper Aletabnla are of 
Up|>er Permian age. The t'p|>er Karroos are re presen tf^d by Escarpment 
<jrits. 

'iTic Karroos are seen in Mo^AMntyu^ in the western part as well across 
the northern area, largely along the K^mhesi basin. - Tancas^viica shoe's 
an excellent development of the Karroos whose eight suh-divisions have 
been named K I to K 8. The first five di%isiorts logetber with the conglo¬ 
merates at the l>ase anc of Ecca age anci contain coal seams and Glossop- 
teris ftoja. The fjower Beaufort (K 6) contains Dkynodai^m, 

Fardsaurm and Dadoxyhu wood* The Middle Beaufort is marked a 
hiatus while the Upper Beaufort fK 7| consists of coarse sandstones. The 
Stormberg Series is partly feldspathic sandstcknes anti marls with fossilSp 
and partly lava flowg.. These formations continue into Kv.ASAt-AND. In 
Bechu.aKat-and the Karroo rocks are partly bidden under desert sands but 
exposures are seen in the south-west, east and north-east* The rocks generally 
thicken in a westerly direction. Dwyka tllittcs, Ecca Coal measures with 
coal seams and Stormbeig lavas are seen* The lavas have been encduntetCfl 
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in several boreholes underneath the desert sands. In Uoasda, only a few 
small occurrences of Karroo rocks are knou-n. A borehole at Entebbe 
went through 1,000 feet of Karroos without reaching their base. They 
gave remains of the C/osso^/fris flora and only tiun coal layers and car* 
bonaceous shale. In Kenya the Karroos occur along a strip in the cast, 
being the continuation of the Tanga beds of Tangan^dka. The bottom 
beds {Tara Grits) ate of Upper Permian age. unconfotmably overijdng 
basement schists. They are overlain by thick sandstones and gnts of 
Trias^ age. the whole Permian—Trias sequence being called the Doruina 
Sandstone Scries. The Triassic beds have yielded the crustMcan Esiheria. 
and the plant remains JUtioxylon and Equisitiits. There is probably an 
unconformity between the Triassic and the Jurassic, the latter being marine 
and mainly of Bajociao to Kimmeridgian age. These have yielded corais, 
brachkipD^ and ammonites. The Jurassic set was connected with the Aden 
and Cutch regions but there sctiins to haw been some kind of a biinier 
Iwtween KenjTi and Cutch and communication might have been through 
a rather circnitotis route. The fauna of Kenya and Somaliland are said 
to have more affinities with the Mediterraiiean Region than with Cutch and 
Madagascar, ilfarinc Jurassics found in North-eastern Kenj'a extend into 
Ahys^ia and Italian Somaliland. 

The Karroo System in .Angola is divided into the three series, as 
shown in the accompanying table (Table 32) : 


Table 32 —The Karroo System is Ancola 



BclgiaJi CoDgQ 

1 South Africa 

Ltinda Scriw ...j 

Upper— I>oleritwi -r* 

Sboica 

Up^ Kwaiij^o . 

1 

Stomibtirg 

1 

Cassanje Scfl^ 

Upper—S!U3d»t«nra witli 

Mid.—with 

L^swer—Pinoles witJi Miiss 

L, Stofmberff- 

Up. Beaufort 

Lu^laba Seriei ^ Mid. Beaufort 

1 

Luloe Sefie^ 

LundA—itmic* 

TillitES 

jLuknga Sefiet . 

...j Ecca^ l>*yka 


The tOlites, which are 10-30 metres thick, are overlain by black shales- 
containing Noeggmtkiopsis and Gondvianiiium. The Cassanje Series whitA 
comprise the greater part of the Triassic, are bright coloured and contain 
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several species ot lishes in the lower part, fragmentary^ plant remaiiis in the 
miflclle and E^thtria in the upper part. The Lwntk Series shows onfossili^ 
ferous silicihed s^dstoncs in the lower part, while the upper part consists 
of dolerites w^hidi are maiiUy intrusive. 

In Madagascai; the Karroo formation is exposed along a narrow linear 
tract ill the western part, parallel to the western mast. Fhe Penno-Car- 
bonifcroiis and Permian are represented by the Sahoa Series whkh show 
tillitcs, black shales and Lower Gondwana plants, A marine horizon 
intercalated in this scries contains Pr&du^m, Spirifir, etc. This is followed 
immnforniabty by the Sakamena Series which is of Upper PertniEm and Lower 
Triassic age. This sho^vs a Large number of Gondwana plants as well as 
several reptiles^ the latter in the zones which are called Rhlnesuchus beds 
and Tangasaums beds corresponding to the Lower Beaufort. In the 
extreme north there are intercalated marine horizons which contain 
Xenaspii, Cychiohus [Upiter Permiafi) and other Ammonites belonging to 
the Otoerras, GyrittiHes and zones (Trias). 

The Snkamena Series is overlain by the Isalo group which has boon 
divided into four units extending from the upper part of the Low'dr Trias 
through the Upper Trias into the Bathonmn, These contain twtli conti^ 
nental and marine deposits. The former show dinosaur remains as well 
as fossil wood belonging to Cidrif^xyl^n and other gene fa in the 

Continental beds j and etc. in the marine hods. 

In the Jurassic there W'as dc^hnite manne connection between Kenya and 
Madagascar on the one hand and Kutch on the other as attested by common 
fossils which include Brathiopod^, Cephalopoda, Molluscs, etc. It is thought 
that during the Jurassic; East Africa liad somewhat closer connection with 
the Mediterranean region than viith India probably because there was more 
easy cn^^stal migratory' routes to the Mediterranean region than to Western 
India. 


SOUTH AMERICA 

The Gojidivana histoiy^ of South America indicates that, though South 
Africa and South America are now separated by the deep and wide South 
Atlantic ocean, they had common and extraordinarily similar geological 
history over a long period of time extending from the Qirbonifomus to the 
Cretaceous. In South America the great Pamna basin occupies a large 
part of central, western and southern Brazil (parts of Minas Gerais, Mato 
CrossOp Goias, Santa Catarina, Rio Gmnde do Sul, Parana and Sao Paulo) 
and parts of the adjoining regions of Argentina, Umiguay and Paraguay. 
The total area of the Gondwana basin exceeds 1-5 million sq^km. and the 
total thickness of sediments exceeds 2,000 metres. The serbments arc 
overlain by' 1,000 metres of basaltic Lavas, the beginning of the igneous 
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activity heralding the termination of the Gondwana history. Sedimen- 
tatioR was mainly continental [gladnl, Iluviatile. lacustrine, eolian} and 
was ejstTaordinarily uniform over large areas. Though this basin is 
characterised by rather localised manne invertebrate fauna which makes 
it diRicult to make precise correlatioiis with South Africa,^ yet the 
Glossopteris flora and the reptilian fauna have characteristic Gondwana 
affinities and show that the two regions have very similar geological history 
over the vast stretches of time encompassed by the Gondwana era. 

BRAZIL 

The Gondwana group in Brazil is called the Santa Catarina System 
divided into three major divisions. 

3, figiD liunto SrrUa 
2. Doifl Stsriw. 

j , Tiihanio Sctwa 

The Tuba raft Series re&t5 on prt-Devanian grttnite and on the Parana 
Series containing Devonian marine fossils. The lower portion of the serie^i 
is called tile Harare group compelled oi thick glacial and iiitcrcaJatcd sedi- 
tnents w hich am tain a Khacopteris flora mixal with elements of the 
GlossopteiTs flora and fish r€mairis+ There are several chaiactcristic species 
of Gondwana plants, I^ogg^dfhtopsts^ Gondw3t%id(iiin, 

Spkaufpitris, Lfpidodffjdron, Lyc^pfidhpits dcri^yit etc. This is followed 
by the Rio Bonito formation containStig local coal seams as well as glacial 
beds. The Palermo salts succeed the Rio P4:anito formation and consist 
mainly of silt-S and glacial betls. The whole of theTubarao Series is assigned 
to the Upper Carhoniferoiis, 

The marine horizons in this series occur in I he south and contain a 
fauna related to the SpiFi/fF supratHois^n^ttsts zone of the European Uralian 
(Permo-Carboniferousj- In the w'estern and north-w'cstem part of the 
t>asln, the facies representing the Tuharao Series is rather clifferent and b 
called the A<)uidauana formation. This consists generally of red sandstones 
and tillit^^ the colour being dne to the oxidation of the sediments. It 
contains only rare fossils ami some silicified wood. 

The succeetliug group of beils, which is of Permian age^ is called the 
Pa^sa Dols Series whose thickness is about I .OOQ feet. This comprises the 
I rati Shale formation at the base and the Rsliada Nova and Rio do Roslo 
groups above. The Iratl Shak^ which consists of black bituminous shales 
with Afesoamirm and other reptiles is a nuirker horizon oortespondlng 
to the White Band of South .\frka. At places it contains Cfimdariti, 
Schiiodus and other fossils which indicate a marine origin. The other 
fossils include Crustacea, tlsh and fossil wockI [Dadaxytont etc,). 
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Tarle 33—The Santa Cataeina System {Brazil) 
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The succeeding Estrada Nov^ group oansists of red and green sliale^ 
and siJts, This is developed tiiaioLy in Malto Grosso arid South Goias. 
Its npper portion, called the Tereznia Afember, consists of fine samlstones, 
silici&ed limestones and grey-bloe mark This contains hsh remains, 
silidfic<l trees and some lameLhbfunchs- The upper stage oi the Passa 
EJois Scries k tlie Rio dp Rasto group which contains reptiUao fossils as 
well as several laniellibranchs whkh may be estuarine. The flora found 
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in this iiKludes Taemopirnsj Fhyihihfca, Clo^s&ptms^ etc. 

indicatuig an Upper Permian age. The Estrada Nova becU are cDnsidere^i 
to be the equivalent of the Ecca formation of Soutli Africa and of the 
Lower Patqilia of Argentine. 

The Sao Bento Series arc constituted by eofian sands associated with 
haptic flows. The lowertiiost hoiiron. which Ls probably of Upper Kepper 
age. is called the Santa Maria red beds which are probably the equivajents 
of the Moltcno formation of South Africa, These consist mainly of current- 
bedded sandstones and red shales containing Dadcjcyhn, Cidri^xyhn and 
lubrria [Thhtnfr^dia], There are also reptife bones belonging to several 
genera {Ehyitch&c^phaliii, Dicyn^cnlia, Cynod^iUia, PseudosHchia, etc.). 
Thc-se are n^gardetl as someivhat later than the Beaufort reptilEs, the Beaii- 
fort period ^ing represented in Bra/Jl by the well marked hiatus betw een 
the Kio do Rasto and Santa M^uia betls. 

The Santa Maria beds are succeeded by the Botucitn Sandstones 
which are red coloured and unifann in grain with stratification as in sand 
dunes. They are intercalated with some bzisalt flows. They arc undoubt¬ 
edly composed of desert sandsr being the must extensive fonrtation in 
the Parana basin, covering 1-2 million sq,km. and progressively overlapping 
low-er formations in a northerly direction. There are local intercalations 
of lacustrine beds. 

The Botiicatu Sandstones are overlain by the Serrd Gcittl fomialion 
w'hich are largely composed of basaltic flows with mtercalations of desert 
sands. They form plateau-iikc spreads in South Brazil and have varying 
thickness, the maximum licing 1,000 feet. They continue into the North 
Argentine pampas and cover over 1 million sq,kin. The basalts arc of 
uniform composition and consist of labradoritc, augitc. son^e pigeoiute, 
olivine and accessory magnetite and apatite and a small amount of glassy 
matter. Ophitic texture is common in the denser parts^ There are also 
amygdaJoidal flows with zeolites* 

Some iiephelene-bearing. syeniiic intrusive and effusive rocks relateil 
to these are found to have cut through the Sao Bento and Tubarao Series 
in some places, though they are also Largely to he found traversing Pre-Cam^ 
brian rocks, Some pbonulites cut through the Botucatu Sandstones and 
these are mainly of Jurassic age. The iSotucatu Sandstones are considered 
to be of Rhaetic age while the Seira (leral volcanics are Lower Jurassic^ 

In the centre of the Parana basin the lavas are covered by reptile- 
bciaring sandstones called the Baum Sa^idiioms which are of Upper Cretace¬ 
ous {Senonian age). 'IThere is n rlistinct unconformity at the base of the 
Bn uni Sandstones. 
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ARGENTINA 

The Gondwana rocks are found in the Sub-Andcaji belt as well aa jit 
the preA^ordilteran rc^on. In the former the Gondwanas are overthrust 
by Palaeozoic rocka and complexly folded and faulted. They overlie the 
Devoni^ uRcouformabJy. In the pre-Gordilleraii region the Gondwanas 
were originally called the Paganzo Sysleni but have since been ronamed 
the Patquia Formation. Tf^y are 3,000 feet thick. The basal portion 
of the Patquia is largely glacLil in origiti. The underlying Ttipe Series of 
Lower Carboniferous age is also largely glacial but there is an unconfonnity 
between the two. Marine intercalations in the glacials contain a fauna 
closely rented to the Spirijer SHpramosquemis and Emmphatus st/Acircuhrii 
fauna indicating more frigid conditions than their equivalents in the .4inazon 
valley. They are referable to Uralian age. There are also plant fossils 
which contain a mixed European Carboniferous and Glossopteris dom 
similar to that of Braxil and referable to the Sakmarian. The upper part 
of the Patquia formation consists of glacial tillltes, flu vio-glacial and varvetl 
shales. These contain a pure Glossopteris flora which extends up to the 
top of the forroation and are therefore the equivalents of the Passa Dots 
Series. 

Overlj-ing the Patquia formatioii are the so-called * Argentine Rhaetic ' 
but this has now been shown to contain four floral groups extending over 
the whole range of the Triassic. These flora have the greatest alBnity to 
similar Australian flora but also show fairly dose resemblance to Indian 
and South African Bora. These Triassic beds begin after an crosional 
unconformity. In the upper part there are reptile zones while the upper¬ 
most portion is compost of thick basaltic flows. Table 34 shor^ the 
succession of Upper Gondwana strata in the pre-Cordilleran region of 
Argentina. 


Table 34— Upper Gonpwasas in pre-Cordillxran Argentina 
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FALKLAND ISLES 

The Falkland Isl« contain strata similar to those of South Africa and 
Argent i na both of Gondwana and pre-Gondwaiia ages. The table bdow g ives 
the rough stratigTapbk e^piit'aJents^ ITic Gondwana System here begins 
with the Liibnian tillite (equivaient of the Divyka tillite) which overlies 
the Bluff Cove beds of Upper Carboniferous age. The tillite contains 
both svnii-angtilar and roundetl pebbles probiibly depositetl in a marine 
etiviforiinent. The general direction of ioe movement apjvars to hav e 
northwards. 

Taule 15—Thh Gondwanas tN Falki.ani3 Islands 


1 

Falkland 

f3. Africa 

U, Trijisait... j 

L. Tfia^ic 1 

U. Peraiia.il ^ 

L. Pettciian 

Permian .-P 

Penno-Carb. 

■ 

West LafciiiiAn twHla ... +,- 

1 Bay of Harbour bed^ 
i Choiscul ^uod and Hrenton Loch ; 
beda ..+ ; 

Lafontart Sajadsionc 

Black Reck Slatea 

Lafonian Tillite +.1 

/ Xtuticiio. 

\Li. Seattfort 

M. A h- Beau fori 
fl., BeaLifort 
■^^Upper M. Ecca 
Lower M. EcCA 
/L. Ecca, 

\ U. Dwykfl Shales 
Dwyka Tillite 

U.Carb. 

L. Garb, 

Mr I>evoiiiaa 

L. l>evtHiian 

BlnlT Cove beds . 

I^ort Sta.nle\' beds 

Fort Fhilomcl and Fos Bay bed** 

1 Port Stephen beds 

i 

Lower Sbalea 
Witteberig Serica 
Bokkevcld Scries 
Table l^IoLititaifi 
Series 


'fhe overlying Black Rock Slates are of basal Permian age equivalent 
to the Upper Dwj^ka and the Lower Ecca. This scries contains a cherty 
horizon which is thought to bo the ctjulvalent of the white weathering 
eberty zone callcui the "White Band" in South Africa, but this horizon 
has so far not yielded any organic remains^ 

Above the last formation comes the Lower Permian Lafonian Sand¬ 
stone, which is a thin be<lded friable browm feldspathic sandstone whose 
upper portion sfiow^ alternation of sandstone and shaly bands. TItese 
aie also unfosailiferous. The Choiseul ^und and Brenton lAKh beds which 
oonsist of finely bedded silt-stoUK containing G/ossj?;^^eris, Daidoxyi&it, 
PMylioiMfca, etc,, are referable to Upper Permian age and may be 
the equivalents of the Upper Ecca and the Lower Beaufort beds. 

The succeedbig Bay of Harbour beds and West Lafonian beds are 
thick (dflXjQ feet) coansc sandstones with intcfbeddetl mudstones, also 
containing several species of the Glossopteris flora. They nangc in age 
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from Permo Trias to Upper Trias, Lithologically the twfi series are similar 
but they have been separated only on palaeobotanical grounds. 

Basic dykes similar to those found in the Karroo System cut the 
Deeonian and the L^ifonian sediments. It is knovm that thi?se are kler 
than the Lafonian sediments and therefore probably of Jurassic age. They 
must represent the dyke facies of the Storm berg kvas but there am no 
lava howf; in the I^alkland Isles, 


ANTARCTICA 

Rocks of the Gondwana consisting of sediments and volcanics 

have been found in Western Antarctica in the Hope Bay area of north- 
cast Gttdiam Land and the east coast of Alexander I Land. In the Hope 
Bay area are found coarse conglomerate, shale, volcanic luffe and dark 
rhyolites. The lowest beds in the sci]uence which are grcywackes and 
shales are separated by an unconformity from the beds above, and contain 
indistinct plant fragments which are thought to indicate a Permian age. 
But the flora preser\'ed in the UssHe shales above the unixpnformity mntains 
numerous species belonging to Brachyphyitum, Ct^ophkbis, Eiaioeladns^ 
Araucanirs, Xitssonia, Ofo^amiics, PagiopHyUam, Ps^udoct^ms. Sph^Kop- 
/ms, RT//mjiisojirfii, Zamiies, etc. There arc also abundant representatives 
of the ferns Saggnopferis in the flora, which is mmarkably well pr&erved. 
This flora is considered to be of Middle Jurassic in age. These and 

the associated congiomemtes are now known to extend to the south for 
some fiO miles along the coast of Graliam Land. Tlie rhyolites of Hope 
Bay are also widespread and have been found to extend wer a distarice 
of 150 miles to the south. 

In Alexander t Lind, limestones^ grits and shales containing rather 
badly pet-scn'etl plant remains have been founds The fossils include 
Piit{>phytium and are regarded as of Jurassic age. More detailed investi¬ 
gations made belw^een 1948 and 1952 have led to the collection of remains 
of plants, GastropodSp LimellibtunchH Brachiopods and Ammonites* indi¬ 
cating an age from Middle Jurassic to the Lowor Cretaceous, In eastern 
Antarctica (Victoria Land) the li&icoii Saiidsto<iies haye revealed the presence 
of shales associated with coal beds. The plant remains found in them 
iKlong to the GJossoptcris floru and include i^toss^pkn^ indka and Anturc- 
texylon pri^ikyi and numerous pieces qf wood. These beds rest on shaJes 
showing fi.sh remains bclongirig to Upper Devonian age. It is tliought that 
the successioa ranges from Upper Dcvoniaii through the Carbonifermis 
to the Permian. The Beacon Sandstone is intmcled by thick ddlcrite 
sills. There is no doubt that the Gondwana strata occupy a much larger 
area than has been explored hitherto. 
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A general cQminarisoii of the Gond^varta sltutigi^phy of aJl the above 
regions shows that there wos a period of 5*i:vtre glaciation in Ihe Upper 
Carboniferous and Permo-Carboniferous. The gbcial beds consist of 
tillites and flu^'o-gtacials and are followed by fine grained sediments or 
varviles reminiscent of slow glaciaJ dejMsition, The Permian is the period 
of main coal formation in Gondwanaland and is cliaractcriscd by the very 
distinctive Glossopteris flora with its numerous genera and species^ which 
developed from the hardy survivors of the more cosinopolitaii Upper Palaeo¬ 
zoic flora much of which had been wiped out during the intense cold of the 
Upper Carboniferous glaciation^ The Tiiassic is characterised by conti¬ 
nental sediments formed under arid desert conditions. They are generally 
brightly coloured sandstones and shales showing a high slate of oxidation. 
They contain the remains of amphibiap reptiles and fishes which most have 
lived in and around the gradually contracting lakes and river valleys of 
the period- Tlie Triassic arid climate brought about a marked change 
in the flora, the characteristic niembers of the Glos^pteris flom being 
replaced by the Thinnfeldia—Ptilophyllum flor+i. The Juiussk period 
gives evidence, at least in some areaSr of the return to milder climate, for 
the strata contain carbonaceous material, though scarcely any coal seams. 
In large parts of South America and South Africa, however, the deposits 
of Jurassic age am desert sandstones and thick volcanics. Marine beds 
are generally absent except in the marginal regions, as in East Africa, 
.Madagascar and Western India (Kutch}, The volcanics are comparatively 
of less importance In India |Rajmahal volcanicsb 

There is a considerabk mass of data which lead to the conclusion iha t 
South America and South .Africa were contiguous or were part of one land 
mass, as has beeti pointed out by Du Toit and more recently by Caslcr. 
The remarkable similaHly and even identity of numerous species in the 
flora points to the unrestricted migration over lands which w^cre dose to 
each other and were not separated by any large water barriers. Though 
The reptile and fish faunas do not indicate such closeness of relation as ihe 
flora, there is, nevertheless, a considerable amount of similarity between 
them. Lester King' has pointed out that the meagre data from Antarctica 
indicate that the gigantic escarpment seen in Queen Maud Land is stropgly 
reminiscent of the Natal Drakensberg and that the former region was 
probably a continiiation of the Karroo basin oj Africa. 

The great coatinent of Gon-dwanakutd apparently began splitting up 
in the Jurassic or early Cretaceous. The vast outpoiiriiigs of lavas in the 


^ SpeculatioEia opou the outline anil ilitruptian at Gomlwiiiiakiid : 

Magittin* l Yol. 87* PP- SSl-lSS,. : ^Xeceraity for Coati neutwl Unit : 
BfiU. Amtr. Ftir, Gtot. Vol, 37 (91 pp. 2163-2177, 1953. 
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JtirasBk were u. nianifL^tatwn of the tension to which the emit was sub- 
jectetl. resulting later in the separation and drift of the continents- The 
marine Cretaceous occurring along the coasts of India^ Western Australian 
East Africa and Argentine show the marine transgressions which took place 
over the separating continents during the Cretaceous, There are also- 
evidences of some marginal foundering along the eastern coasts of Brarut. 
the western coasts of the southern parts of Africa, as well as the western 
coast of India, during the Tertiary era, 

PHYSICAL FEATURES OF THE GONDWANA AREAS 

The Gondw ana strata, fonned of alternations of sandstones and shales- 
give rise to topographical irregularities, the sanilstones forming ridges , and 
shales the valle>^. But it is usually only the Barakar, Kamthi, Mahndeva 
and Upper Gondwana sandstones w^bich are particularly hard. The 
TaJehir and part of the Damnda sandstones ait often too soft to form 
promiticiit topograpliy. Some of the best scenery in Madhya Prailesh is 
due to the fine scarps of the Pachmarhi and Kamthi sandstones. Because 
of diHorenccs in hardness, the Gondwana exposures constitute im^Tortant 
hydrographic basins* 

The Takhirs and Barakars form poor soils and generally support only 
sparse vegetation. The undersearps of the simdstoncs and the shales 
support good vegetation and may be forest'Clad. The ferruginous sand¬ 
stones of the Kamthi and Maliadcva Series form more or loss flat-topped 
hills on which a fair amount of ve|^tation flourishes, but the forests are 
usually not dense. 


STRUCTURE OF THE GONDWAKA BASINS 

The Gondwana rocks occupy tectonic troughs with faulted boundaries- 
arratigcd along linear Eones, the magnitude of the faults on ihe tw‘o major 
sides being very unequal. This has the eflect of prodncing a dip of the 
strata tow'ards the faulted side with the greater throw. Thus, in the 
Gondwana belt of tlie Damodar valley, the faults run E-W. and the strata 
dip generally towards the more faulted southern boundary. 

In the Pranhita-Codavari \ alley tJie direction of the fatilts is rougMy 
KAV.-S,E. and the dip of the strata is tow^ards the north^Jist- In the 
Chhattisgarh-Mahanadi basin the trend of the fatdts is KAV-S.E., the 
Gondwiiiia strata he mainly to the north-east of the major faults and dip 
to the santh-w est, while those lyuig to the south of the faults dip towards 
the rtorth-east. In all cases th^ major faults confomi to the direction of 
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strike of tlie gneiSiiic country fiKks. in addition to tlio major trough fault¬ 
ing which forms the boundaries of the various eoiilfiolds, there are also 
numerous other faulLs which cut across the strata. The age of the trough 
faults has not been determined but they are supposed to be partly contci uiaora- 
ncous with the deposition of the Lower Gondwanas but largely [sost-Lower 
Gondwana, near the matgiu. In almost all the coalfields one side of the 
trough is much shallower than the other and may even be nnaflccted by 
faulting : for instance, in the Raniganj coalfield, the northern boundary 
show's the strata in an undLsturbeil condition of original dcjwsition without 
any faulting, while the sotithem'sidc has a throw estimitetl at 9,000 ft. lu 
the Jharia coalfield the southern boundary' fault has a throw of some 5.000 ft. 
In some of the iMsins a certain amount of unconformity and overlap may 
be seen in the strata tow-ards the margins. The present coalfields are 
j^enerally the remains of much larger basins and they ow’e their prcseiwa- 
tion from denudation to the trough faults. The strata generahy dip at 
a low angle hut they' may show higher inclination ncitr faults and intrusions. 
Most of the faults W'ithin the basins arc of normal type, but some arc tear, 
sag or hinge faults. They are generally referable to tw'o major groups, 
one set trending W.N.W,-E.S.E. and the other VV.S.W-E.N.E., the first 
set being generally the more prominent. The chief direction of faulting, 
itspecially in the eastern coalfields, is E.N,E.-W.S.W, The ago of the faidt- 
ing in the Datnodar valley coalfields is generally post-Panch?t and pre- 
Mahadeva and in some cases i>ost-Mahadeva, In the (lodavari valley 
the faulting appears to be pre-Chikiala, Them are also post-Deccan trap 
faults in the Satpura area. 


Ttie dolerite dykes inlrusive into the Lower Grandwanas in the coal¬ 
fields of the Mailhya Pffldesh are related to the Deccan Trap, In the 
eastern coalfields the dolerite intrusions arc considered to be related to the 
Sajmahal traps. It is thought that the Dcccan traps originally ejtlended 
to as tar cast as Lohardaga in the Kanchi district where the outliers have 
been completely lateritised. U the Deccan traps did cjttend sa far out, it 
is not unreasonable to argue that dykes connected with them may also have 
extended into the Damodar valley coalfields. As the Rajmahal and 
Deccan traps has'c pracUcally identical microscopic and chEmteal charac¬ 
teristics. so far as known, itie only way to distinguish them would bj with 
the help of trace elements. The lamFophym dykes and sUis are also of 
much the same age, but as they are present only iu the Damodar valley 
and Himalayan coalfidds their origin should be sought for in eastern India. 
They appear to be more or less contemporaneous with the Rajmahal trap». 

Most of the Gondwana basins in the Peninsula are free from folding 
.disturbances though occasionally such are to be found near the more 
.pronounced faulted margins of the troughs. In the Himalayas, however. 
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thL^ G on J wall as have been severely affectcrtl by the Tertiaiy^ moun tai n 
building movcnienti. The Gondwanaiv in Sikkim, Bhutan and other Hhnrtla- 
yan areas are thrust over the Siwalik rocks and ore in turn overthrtist by 
PaJaeozoic rocks and crystalline scliisis. In consequence, the to^l fscsuns 
in these have suitereci crushing and have been bon verted into semt-anlh- 
racitic material. 


CLIMATE AND SEDIMENTATION 

The Gondwana era was initiated by a gtaeial climate during whkh a 
vast continental ice sheet covered a large part of Gondwanaland, So far 
as Indja k coticemed the ice sheet may have covered Eajasthan and Central 
India as well as the Eastern Ghats area. Glaciers appear to have flow^ed 
out from Rajasthan towards Sdt Range where the Talchir Boulder-bed 
overlying the Cambrian succt^ion or the Speckled Sandstone, contains 
pebbles and boulders derived at least in part from Rajasthan. The boulder- 
beds of roughly the same age, which have been found m the Kashmir- 
Hazara region, in the Simla hills, in the Sub-HimaJa^^ of Sikkim. Bhutan 
and further east, apparently mark the northern limits of GondwanaLand at 
that time though some of these may hu\*e travelled cousideiablc distances- 
towards the south from their original position because of overthrusting. 
It is likely that most of the boulder-beds in the above-mentioned areas- 
were laid down by gbeieTs in the sea. 

The Talchir bouIder-bcds in the Damo<1ar vaJtey contain large quanti¬ 
ties of quartzites and gneissic racks, the former having a great resemhlafico 
to the Vindhyan quartzites in Son valley to the NAV, of the coalfields.. 
It is therefore likely that these fnatedals may have travelled towards east 
or south-east from the Mndhyan highlands. The bouJder^bods in the 
Godavari valley coalhclds are supposed to contain rocks deriv-ed from the^ 
Eastern Ghats region. Much further work is necessary to determine the 
exact nature and composition of the boulders in the various boulder-bcds 
to trace thetr source and to understand the direction of movement of the 
gladm which transported them. 

The climate gtaduail3^ wurmed up during the Talchtr period when 
duvio-glacial sediments and vacA-ed clays veere Imd dow-n^ The prevailing 
greenish tints of the rocks indicates that the climate was still quite cold. 
Though there are plant impressions in the beds immediately overlying 
the boulder beds, the flora was apparently still scanty during the Talchir 
period. 

In the Damuda period the climate w'as definitely warmer and more 
humid and permitted the grow^th of luxuriant %^cgctation. An euonnous 
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amount oI vegetation was canied by streams into the ?&ivamiK and Uke 
basins to lorrn the coal litds. This period marked the zenith of develop- 
laent of the GJossopterls flora, for wc find the Kaiiiganj bctfs in BengaJ have 
yielded the largest number of genera and species of the Glossoptcris flora. 

The Daniuda Series attains a total thickness of over 6.5b0 feet in the 
eastern coalfields of the Damodar vaEey but their original thickness may 
have been appreciably larger. This series becomes thinner when followed 
weshvards into the Karanpura field and further west. The strata consist 
of samlstones containing kaolinised feldspars followed by shales and then 
by coal. The succession is repeated mnny times and diiring the whole 
of the Damuda period there may have been as many as 50 or 60 cycles of 
sedimentation. The Barakar strata in die Jharia coalfields contain at 
least 25 coal seams each being a part o£ a sedimenlarv' cycle. Tliis would 
have been possible only if there were repeated sinking of the basin of sedi- 
mentation. The nature of the flora as W'cll as the prince of iindecom- 
posed or partly decompexsed feldspars in the sediments indicate tliat the 
climate was cold temperate. In the eastern coalflelds which have been 
studied in some detail, it Is seen that the coal seams as well as the associated 
strata generally thicken in a w^estcrly direction. The seams are more 
numerous and less pure in the west than in the east, and also split up into 
thinner seams westward. These indicate that the source of the sediments 
was somewhere in the west and that the basin of sediment at ion w^as deeper 
and quieter towards the east. The drainage seems to havo flowed from the 
w^csl to east in the Damodar valie>\ It probably found an outlet into what 
is now the head of the Bay of Bengal or in the north-east where there arts 
several small coalflclds In West Bengal and Santhal I'argdnas. Indeed, 
Blanford has suggested that the coal-beariug rocks might extend, under 
the Gangetic alluvium into the Himalayaii region of Sikkim which must 
have been the limit of laud in the Damuda times. In the case of the 
Goda^^ri valley, it would appear that the drainage was in a north-westerly 
direction towards the tract w^hich formed an ann of the sea extending 
from the Cambay region along the Narmada valley into Madhya Pradesh, 
ft is thought likely that a re\'ersal of drainage towards the cast 
and south-east tix>k place along the Godai-ari and Mahanadi volleys in 
the Jurassic when Upper Gondwaua sediments wore deposited along the 
coast of Orissa and Andhra States. Howevor. detailed studies liave yet 
to be made for determining the source of sediments and the hisEory of the 
drainage systems during the Gondwana era. 

In all the Gofidwana coaJfiokls of India the availahle e^ddence points 
to the fact tlut the vegetation had travelled some distance before being 
deposited ultimately to form coal. In no case has any upright tree stem 
been found in the coal seams nor roots extending int^j xht mider-cLay. 
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It is true that steins are found but they geiiL'mlly lie more or less flat on 
the top of ihp coal seams. Most of them am silicihed except the cortical 
portion which has Iwcn carbonised. Owing to pressure the .stents have 
gencralU' been crushed to an eiltptical sectitm awl they indicate that they 
have drifted front the p!.tcc where they originally grew. The nature of the 
coal seams also are indicative of their ' drift * origin. Ail Gondwana coals 
-contain high ash and even the best seams contain not less than 5 or 6 
per cent. ash. The ash is inherent in the coal, being tjiofc or less uniformly 
distributed in the coal matter and therefore very difficult to elimimte by 
Ofdinaiy washing processes. Regaixling the proportion of coat to the 
-strata in which they occur, it may be said that it is generally high. In 
the Barakar stage of the Damodar valley coalfields, the jiroportion of coal 
to strata is roughly I to 8 or 10. In the Uaniganj Series the proportion is 
less, ranging from 1 ; 20 to 1 ; 35. Some of the seams in the Barakars are 
very thick, as tor instance the Kargali and lisrmo seam* in tlie liokaro 
coalfields, which have thicknesses of SO to 100 feet, and the Korba seam 
in the Korba coalfield wliich is over lOO feet thick. In the south-eastern 
part of die Jharia coaillehl the coalescence of several seams has produced 
one seam which Is 85 feet thick. 

The coal-bearing rocks of the Godavari valley are apparently continued 
underneath the Deccan traps into the Uadnur anti Chhindwara areas. 
There is little doubt that coal-bcaring rocks are present underneath the 
Deccan traps, in an area of many sriuare miles, but no serious attempt has 
.so far been made to investigate them. U might b; possible to undertake 
a search for these with the help of geophysical methods of proftpecting for 
it is not unlikely ttiat seismic wave velocities in the Barakors may be 
sufficiently distinctive to mark them off from those in the Deccan traps 
-or in the basement rocks. 

Even during the upper part of the Damuda period, the areas outside 
the Damodar v-alley sccm to ha^-e experienced a somewhat drier climate 
for we find the Kamthis, which are thi (Wiuivalents of the Ran^anj Series, 
being composed of reddish ferruginous sandstones. They are generally 
barren of coal seams and only rarely show some streaks of carbonaceous 
matter. 

The succeeding I'anchet Stage definitely marks a change of climate. 
There is slight unconformity between the Rariganj and Panchet Iwds in 
"the Kaniganj coalfield and probably in other areas. The Patv^ets enclose 
practically no carbonaceous matter and appear to have been laid down in 
flood plains and shallow lakes. The presence of labyrinthodonts in them 
indicate a period of gradual drying up of the sedimentary basins. 
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The Mahafleva Series^ represented by the Supm*p4inchet and the 
* Pachmarhi beds which are of iMiddle to Upper Triassic age, are definitely 
sediments of an arid climate. They' consist of fciruginoi^ sandstones 
often with thin layers of hematite and arc efitincly devoid of carbonaceous 
ifiatter* There is a hiatus between the Panchets and the Mahade\*aB though 
its magoitado is at present a matter of conjecture. After this, in the 
Jurassic, there is an indicat bn of a ret iim to more fav ourable and moist 
conditions, Ttie Glossopteiis flora practically died out during the dry 
period of the Triassic and a new flora (Thinnfeldia—Ptylophylluin flora) 
gradually established itself in the Rajmahal limes and continued weh into 
the Cretaceous. During the Rajmalial tim^^, however, the earth's crust 
seems to have experienced tension in Gondwanaland resulting in the out¬ 
pouring of vast quantities of lavas and volcanic materials which attain 
great magnitude in South Africa and South America. In India, the volcanic 
activity of this period is confined to the area at the head of the Ganges 
delta in the Kajmahal hills, but dykes and sills connected wfih these vob 
canics appear in some of the coalfields of the Damodar valley including 
Karanpura, Auranga and Hutar. The comparatively humid conditions 
of the Upper Gondwanas seem to have continued with perhaps slight varla- 
dons, during the rest of the Gondwana era for ive find the same flora in the 
Umia beds of Cutch which are of Middle Cretaceous age. But the coal 
seams fom^ed during this period arc of practically no importance, being thin 
and imworkable. 


FERMO-CARBONiFEkOUS FLQR-AS 

Prior to the Middle Carboniferous, a coiwidvrahle degree of uniformily 
is to be seen in the fkira of the different parts of the world. These floras 
began to dilfcrentiatc into local gronpa only trom the Middle Carboniferous 
onwards. This was po^bly the result of the Hercynian orogeny. With 
regard to Australia, Walkom^ has identdied a succjsssion of Lhme distinct 
Boras in the Carboniferous and tlie Permian, consisting of : 

{!) The Lepidodendron vdiMmianum fi&ra of lower Carboniferous 
age, 

(2J The RhaCi^pUns flcra of Lower to .Middle Carboniferous age 
characterised by Rhac&ptmT CardtopUris, 

Adianfites, etc. This is already diflerenliatcd from the 
Eur-American Bom of Carboniferous age which contains 
NturopicTis, Aidh&pkns, etc. 

* Walkem A- B. The iii3c«M.ion a| DutHnifermus and I’lcrmian do™ m AnjUalia, 
Pr^: Poy. Sof. AV.S.ir., 78 (1/2), pp. 4-iX 1944 
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{3) The Ghssopteris flora commencing from the Permo-Cartioni- 
ferous and attaining its maximunt in tlie Permian. This is 
entirely different from the Khacoptcris flora. 

The Permian and Permo-Triassic contain four distinct floras each with 
its ow'n region of distribution. They are as folloVFS 

{■) The Eur-American Flora which is the best known of the four, 
occupied the eastern United States and the whole of Europe 
as far as the UtaJ moimtains, Turkestan and Iran. Its area 
is now separated by the North Atlantic. 

(2) ITie Angara (Kuznetz) Flora which occupied Asia to the cast 

of the Urals, down to the Pacific coast and to the north of 
Korea and Mongolia. 

(3) The Cathayslan (Glgantopterla) Flora. This extended from 

Korea and northern China southwards into Indo-China, 
Thailand and Sumatra in Asia, and into western North America 
down to Okhlahama and Te.sas. Its w-estem border w'as 
in Kansu in western China. Its area is now sepaiated bv 
the North Pheihe. 

(4) The Glossopteris Flora which prevailed over all the present 

southern continents and also India. The area of its distri¬ 
bution is now widely separated by the Atlantic and Indian 
oceans. 

As already stated, the Eur-American flora has been well studied and 
is the best known, the characteristic members being Lefidodendron, Pttop- 
tm%. Neu/opteris. etc. It met the Angara flora in the Urals region and the 
Cathaysian flora in western China and Chinese Turkestan. Its w estern limit 
was in south-eastern United States. 

The Angara flora characterised the .^Vsiatic region known as AngaraJand. 
In the early stages it occupied only part of Siberia but extended gradually 
rJowm to the Fadfic coast and as far south os the Nanshan mountains in 
^ hma where it displaced the Cathayslan flora. Its charaetcristie members 
are Psygmophytlum, CaUipttrh and Citkanmi skia, but it contains some 
elements of the other floras including even the Glossopteris flora which 
latter is supposed to have travelled through a land bridge over Kashmir 
iind the Pamir region. 

The Cathayslan flora, typically developed in Shensi, is found in Korea, 
the peatcr part of China, Indo-China, Thailand, Malaya and Sumatra! 

In the earlier stages it had much affinity with the Eur-.Amcrican flora but 
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graduaily dcveloiHsd its own characttrislic elements in tlie later — 

Lohai^ntitiliiria, Proi^iMechn^m, Giganiitptms, SaportiK^a. Chir&ptm$, Tiii^ia 
etc. The best known species of this flora, in-,, Gi^aniopkrk 
Jolia, developed in the .Aliddk IkmiiEtn, This flora extende^l iilong the 
Pacific coast of Asia and over the Bering Straits into weslorn Xorlh America. 
It met the Eur-American flora in Chinese Turkestan and the (.llosj^pteris 
flora in western China as well as in New' Guinea. It was gradually swamped 
in the later stages by the Angara flora which spread down to the Pacific 
coa^t of Siberia and into north-western China, 

The Glossoptcria flora is the purest oJ the four, for it contains (he least 
admixture with the other floras, ft mtist have been dcrivetl fronj the few 
elements which survived the Ikiino-CafbotilferiJiisgladiitlon of tht^ southern 
hemisphere, Sapores of dossopieris and other genvra arc found in the shales 
associated with tJUltcs. It probably originated in Antarctica whkli 
ap[jarcnlly occupied the central region of GondiiVaiialand. ‘FIh? earliest 
tnombers of this fiora to appear m India arc Gangoawptms cyclopkroidrs. 
Gics&spims indica and No^ggiraihiopsis, in the I'alchirs. in the succeeding 
Karharbaris these continued, while GQndiranidiim and BHrhdia appear, 
as well as S^htz&mura, Offok^ria^ C^rdakarpns, etc. The floia attained 
its beat development in the Raniganj period which doutain.s the largest 
number of species. The majority of the plants arc Pteridosperms^ tvith 
practicaMy no Fllicales and only a few Conifers. The flora began to die 
■out during the Panchet and most of the species disappeared during the 
siicceedirtg Jilahadeva. Thinfi/ddia {Dicrotdium] appeared in the Panchet 
w’hilc Ptiiophylium, fTi7fjnjwsGiu.tf^ Ciad&pkiehis, etc,* appeared in the Raj- 
mahal times. Only a few" species of GlossoptifsSt Phyliothcca^ Dadoxyloft 
and Schixanfura continued into the Upper Gondwanas. The Cycadophyta 
attained their fuff dcvclopnaent in the Upper Gondwana^ while I'tlicalcs and 
Conifers also became important. In the later stagE?s appeared Elaioiladtts. 
Britchyphyl(u»h Arai{€^riU&, etc, which continued well into the Tretaceous 
in the Umia Scries of western India. 

Most of the Mesozoic Gyciunosperms and Cycadophyta have since 
disappeared. The Angiosperms began to appear and gained importance 
in the Cretaceous^ being now^ the domlnanit plant group. 

The Tethys separated India from the regions of w^estem and southern 
China, Burma and Malaya which at present are its close neighboursv The 
only land connection between India on the one hand and <niina and Angara- 
land on the other in Lower Ciondwana times was through the volcanic 
islands (of Banjal Trap) which appear to have been prrstrut in the Kashmir 
region. These lands came close together only in the Cretaceous and 
Tertiary w^hen the Tcth3’s was obbterat€?d and raised into a mountain belt. 
This explains the absence of any inter-mingling of the Permian floras 
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^rosij north-eastern India and the f'ciy different geological history of 
S.W^ China, Burma etc,, during tile Mesojcoic, 


PALAEOGEOGRAPiiY OF THF GONDWANA ERA 

The similarity of the litholagj’ and fossil contents of the Gondwttna 
deposits in the southern continents is so great that it has been suggested 
by Wegener that South Africa. Madagascar, India, Australia. Antarctica 
and South America formed parts of a continent which lay in the region 
of tlie Indian Ocean around what is now South Africa. India then probably 
lay alongside East Africa and Madagascar, and Australia to the east or 
south of India. South America was joined to South Africa, Argentiua 
curs ing round the tape of Good Hoi>e. The southern part of this continent 
was Antarctica. Australia seems to have drifted apart in the Upper 
Jurassic when the Bay of Bengal more or less took its present shape South 
America was severed from Africa probably about the same time, following 
the period of tension in the crust indicated by the emption of theStormbem 
and Serta Geral volcanids. India began to drift northward or norths 
eastward, perhaps in the late Cretaceous. The dilTcrent phases of the 
Hjmala>^n iiplieaval may be looked upon as active phases of this drift 
and underthnist of India into the Telhyau region. These drifts should be 
expected to have been Kcompanie<i by the breaking ofT and foundering 
of some chunks and strips which formed the peripheral portions of the 
present units of the aoutliem continent. Though there are many gaps in 
our knowledge and certain details are difTicdt of eicplauatiou, vet Wegener's 
and Du Toit'sconception of continental drift gives an interesting explanation 
of the geological history* of Gondwanaland. There is already a large 
literature on this subject and the reader is refcrrcid to the works of Wegener. 
Du Toit. Caster and others for further informa tion. 

At the commencement of the Gondwana era in the Indian region^ 
there seem to have been two elirvatcd regions from which glacicTS radiated 
These were the Aravalli Eange-Ccutral India and the Eastern Ghats' 
for toth of these were apparently uplifted uj po5t*Vindhy»n times, since 
the \inciiivans of Rajasthan and Central India as well as the Cuddapah 
basin of the Chhattisgarh r^ion have both suffered compression and dis- 
tur^nce in pre-Gondwana times. From the Rnjastban-Ccntral India 
highlands glaciers carri«l boulders to the Salt Range. Hazara and Kashmir. 
Thi; boulder liccb, of Eastern India most probably derived their materials 
from the Eastern GJiats. 

A senes of linear faults seem also to have been developed in Gondwnna 
tunes along the Godavari valley and the Mahanadi valley. These it wilt 
be noticed, are parallel to each other and lie amidst ancient rocks'baN-ing 
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nearly the same strike as the direction ot the faults, Aiiolhcf liiu- of faults 
scenes to ha^'e streicherl from Rcwa eastwards to B?nsal as wi,-ll as west- 
south-west wards in the direciitm of Gujarat, 

C, S, I'ox lias shown tliat the drainage of those times in tiu- Gmlavari 
and Mahanadi basins tiorth-xvestward, and that in the Ihimy^lat 
valley castw^Etrd, The one to the west of Rcwa may have h;ni an outlet 
towards Gujarat, roughly along the pncscnt Narmada lalley* This and 
tin; Damodar basin are roughly parallel to the S^atpiira strike. If such 
were the case, the Narmada tnjugh would have extemled across the southern 
end of the Aravallis into Kathiaivarand Kutch* To the w t^t of the Deccan 
plateau the land continued and may have boen conntctwi directly with 
Madagascar and East Africa, Western Hajputanap Sind and Western 
Punjab appear to have been a marine area connected to the Salt Range 
on the one hand and through the Narmada trough to Umaria on the 
otherp for as wc have soen, there are Pre^fM'r/NJf-bearing marine beds of 
Lower Permian age in both these areas. 

Fox has posttilaiecL at the suggestion of Fermor (d/rwip 5^p Plate 
10), a marine connection of the Salt Range across the Aravallis, the Ganges- 
Jumna valley and Bundelkhand to Umaria, This is difficult to accept 
in view- of the fact that this conncclbn right across the Northern 
Aravallis. the Bundelkhand plateau and the Kaimur range, ali of which 
were high lands and remain elev ated to this day+ and which show' no traces 
of rocks younger tlian the Vindliyans. Hence the more probable connection 
appears to he through the Narmada valley^ Kutch and Western Riijputana. 
All of thi,^ area is now covered by rocks younger than the Lower Gondwana 
and there sei'ms to be a likelihood of yet finding marine Lower l^ermian 
beds at the base of the Bardkars in the Narmada drainage region, A new 
exposure similar to the Umaria one and some miles to the west of it vi-as 
discovered in 1954 by S,K. Ghosh attd Cii/L 630, 1954), 

-I 

It is kiioun that the Coniilaiia and Etirydesma N^s of Kashmir have 
their coMiiterpart in Eastern Australia which shows that these areas must 
have hftfl direct marine connection. Fox has suggested that this might 
have been thTr>og1i Eastern Nepal and the present Canges valley {Mem. 58, 
Plate 10), This is mostly unlikely for the following reason. At this period 
the Tethys extended right along the site of the present Himalayan axis, 
with which the Salt Kange sea was undoubtedly connected. Now. boulder 
beds of Talchir age occur in Hasara, Kashmir, Simla, fiarhw'al, Sikkim 
<Lachi and Rangit valley) and Eastern Himalaya. Marine 1^‘rmian 
rocks containing Tethyan fossils occur in Sikkim. Subansiri valky and 
Daphia hills along the northern border of India and in some of the islands 
of Indonesian Archipelago. The Satpuras and the Eastern Ghats continued 
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ill to the region of the .Essoin plateau. The miirinc coruiec t iati must t licreforfr 
have bet-n logicallj' through the Bunncsc-Anflainaii an: which Is now 
accepted as the cttstem continuation o( the Tethys. 

To the east ajitl south-east of the Eastern Chats there was presumably 
JantI dunng the Lower Condwana timis. Tliere is, however, considerable 
uncertainty as to which unit of Gondw'analand was contiguous to India 
whether it was Australia or Antarctica. The probability is that Australia 

kiy to the SQiitb cast and Antarctica to the iKiiith. 


The Perrao-Triassit period was one of extensive land conditions and the 
arin of the sea occupying the Nannada trough u-as gradually being fill«J 
up by flii™tUe sediments. In the Jurassic era extensive faulting 
o«d along the eastern part of India, giving the east coast more or |«s 
the present configuration, for we see that estuarine or lacustrine Jurassic 
deposits and some marine rocks of kte Jurassic or early Gretaceous age 
^ at Mveral places from Cuttack southwards to Tr'chinopoly 
be^nd m coast line, it mU be noticed, U parafUd to the strike of tlie 
TKks of the Eastern Ghats between the Jfahanadi and the Krishna and 
of the Dharw-anan and gneissic rocks of the Nellore-Madras region hut 
l^rpendicirlar to the strike in the southern end of the Penin,sij!a beVond 
the Cauvew vaJkv* 


w ® s«a occupying Kathiawar, Cutch and 

Western Rajputana, connecting with the Tethys through the Salt Range 
area. The faunal difference between the Tethys and the Western India 
may be attnbutiible to the marine connection not being free enough to 
allow unrestneted nugration and intermingling of the fauna. In the main 
Gondwana ba«ns of the Rewa-Satpura areas. Jurassic rocks (Jabalpur 
^cs) were debited in large lakes and in estuaries connected to fhe 

Narmada sea. It is pmbable that these basins dried up at the end of t he 
J ufiassic. 


In the early Upper Jurassic times (Bathoniati-Callovian) there was a 
rL^S ""i T "orth-w^em India and perhaps also in the Tethyan 
area. But the kutch-Rajasthan area w'as inundated and thick scdiniMits 
were dcf^ited tberein. The worid-wide Cenomanian transgression sat 
the sea advancing m .Assam and parts of the eastern coastal a^. 

Th. N^cpal-Kumaon Himalaya to consider. 

? of Vindhyan outcrops north of the Son-Narbada valleys 

extended northwairls into the Siml^ 
Garhwal-Ncpal region. Its deposits are the Simla Slates Chandpurs and 
^ ™ks i„ N.p,|. The l»ulde,*«h .j litehi, 4e?BrlTh. 
puc« alonB ,h. Hin»Uj,„ fcot-hub ,h»t in Uppj 
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ferous times the shore line was s«>iTicwhere in the Ex-sser region. 

The iMJst-Blaini rocks are the [nffii-Krol, Kml anfl Tal Series which may 
represent any a^e from the Permian to Jurassic, Tlus Krol limestones are 
undoubtedly marine and often dolomitic while the Tab consist of current- 
liedded quartzites with frafinientary mofluscan remains. The practically un- 
iossiliferous nature of the beds, amidst which are found foetid limestones, 
dolomites, gypseous limestones and pyritous shales, seems to indicate that 
this marine basin was more or less cut off from the open Tethys (the cieposits 
of the latter being fossiLilerDiis]i and vi-as under conditions somew hat similar 
to those existing in the present-day Black Sea where the sea-bottoin is 
^levoid of life. The banier between this s&a and the Tethys may have been 
thrown up by the Hercynian revolution. This marginal arm of the sea 
probably disippeared in the Triaagic or Jurassic. The liistor)' of the area 
is vcr>' obscure and may well remain nndedpherablc l>ecause of the unfossili- 
fcroiis nature of the beds and the stupendous changes in the Tertiary era 
which affected the region, when the strata were jumbled tip by thrusts and 
nappes and intruded b^' igneous rocks. 


ECOKOMfC MfNERALS IN THE GONDWANAS 

Clays,^ — The main importance of the Gondwana System centres around 
<oal, but there are also deposits of various types of clan's, 'the coal seams 
are often associated, especially in the Barakar Stage, with imfjortant beds 
of fire-clay which are worked for the manufacture of refractory bricks^ 
Other types of clay available from the Gondwana strata are useful for 
making bricks, pottery, terra cotta and ehina-wam. I'actotfes utilising 
-clay of varioii.s descriptions aresituato<i Lu the Kantganj, Jharia and Jabalpur 
areas. FuIIlt's earth is obtained from the ^ Jabal[sur and Katoi areas 
W'hile the Upper Gondw'anas near Madras contain l>i!nton]tic clays with 
bleaching properties. White day and moulding ^nd are obtain^ from 
Mangalhat in the Rajmahal hills^ 

Sandstones.—The Barakar, Raniganj^ Kanithi and Pachmarhi 
sandstones are used locally as building material, though they are not, in 
general, comparable in qualify to Vindhyan sandstones. The Atimeduagar 
Sandstone of Idar State has been used in the delicate traceiy that atioim 
the mosques of Ahmcdahad. .A sandstone of satisfacton' durability is the 
Athgarh Sandstone which has been employed to some extent in the magnb 
ficent temples of Puri, Bhuvaneshwar and Konarak. It is fine grained 
and is suitable also for cajn'ing. It is in ihe .Athgarh Sandstoiws that the 
caves at Khandagiri. near Bhuvaneshwar, have been carved out. The 
Trrupati sandstones and the Satyavedu sandstones have also been used for 
building ptirposes. 
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The Baralc^r sandstones an? itlso, in places, suitable tor making 
millstones and abrasive stones^ They may occasionally also serve os sources 
of goo4 quarts sand if the tm purities are small or oauld be easily scpaiated* 

Iron-ore.—^The bed.s of sideritic iron-ore and their oxidised outcrops 
oocurring in the Jron.sfone Shales of the R;uiiganj coalliekl have been 
worked as iron^ire for the blast furnaces of the BaraLir Iron Works and 
its successor the Bengal Iron Co, Similar ironstones occur also in Auianga 
and Hu tar cooilields. Psxrkcts of liuitinitic iron-ore and of ochre sire also 
found in the red sandsloncs of Kamthi and Mahadeva age. The resents 
of ironstones in the Ranigonj coalfield may be estimated at about Uvo 
thousand milhon tons. They contoiii about 40 to 43 per cent iron and 16 
to 19 per cent silica and are of a low' grade compared to the rich hematite 
ores in the Iron-ore Series of Singhbhum-Keonjiliar-Bonai. 

(h>aJ.—Most of the coal in the t^iondwanas is found in the Damtida 
(Damodar) Sj-stem, iVr,. both in the Barakar and Kaniganj Series, the fom'ter 
being the more important one. Coal seams occur also in the Kota, Chikiala^ 
Jabalpnr and Umia Stages but they am of small extent and thickness and 
generally of inferior quality. 

Coal seams are developed in practically all the areas where the Barakar 
Series occurs^ Roniganj Series coal is imporlnt only in the Roniganj 
coal Held though found also in Jhnria, Bokaro and a few neighbouring 
fields. Cool of Jabalpur age is found as unimportant seams in the valley 
of the Hard river, and of Kota and Chikiola age in the Godavari drainage 
area. Thin seams occu r also in I he Umia beds of Cutch. 

Coal consists of carbonised remains of vegetation accumulated either 
in situ or transported by water and deposited. Practically oil Indian cool 
Seems to be of the latter type. Cheniically it consists essentially of carbon 
and hydrogen with suboitliraatc amounts of oxygen and nitrogen. Tliese 
ore combined in very complex ways. Coal is usually handed, the bands 
being dull and bright. The dull band.s arc composed of durain which is 
organic matter mixed with extraneous mineral matter which latter con¬ 
stitutes the ' ash * of coal. The bright bands known os jriir&in are much 
purer and an? high in volatiles, Thete are two other constituents also, 
one being danitn, a silky or satiny looking material, and the other /nsmn 
which looks like soft friable charcoal and soils the hands when handled. 

For orduiar>' commercial piirjxises it is necessary to have a knowledge 
of the proximate composition of coal* determined according to certain 
standardized empirical procedure. In this the moisture^ volatile mailer* 
Hxed carbon and ash are delurmined. The calorific value^ either iu BritLsb 
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TbenuEil Cnits (per lb.) or in Calories (per liilogram or Ih.) is also gentr.^lly 
(ound, as rt'ell as the caking tendency. The colour of ash gives an idea of 
the amount of the imn present and indirectly its tendency to clinker on 
grates when burnt. It is necessary also to know the percentage of phos¬ 
phorous and sulphur present, and the form (pyritic, sulphate or organic} 
in which the sulphur occurs. 

The ultimate analysis determines the percentage of elements present 
(O, H, C, N) and is useful in evaluating the suitability of the coal for certain 
purposes, particularly in the chemical industry. 

The general characters of coal of the Barakar and Ranlganj Stages 
arc sho™ below :—- 


Baj^k.ar 

Luwr moisturi* (I ti» 1 per 
Tj^w volatile <20 to 30 per cent) 

fixed carbon (36 to 65 per ctf(It) +,. 

Exccllmt lUam cnol and excclk'iit 

cokini^ coat. 


Ifjmigani 

Hifth m^jiaUiriL' (3 to » pef cent or 
High vdlatik (30 to 36 ptr ccfltK 
lisetl CArbon [JO lo W 

Ci=ncTajly poorly CAkinR. though »omo arc 
mcwMfratf'ly #0 ; good gas coal and long 
rtamtr atpam CoaJ- 


Tlic classificiition adDpt€?<l by the Co^ Grading Boaitl in India is used 
for trade purposes. The scheme in use is shown in Tabllc 37, 

Most of the Gondwana coals arc good stt^m and gas coals, none Wing 
anthracitic. In the Himalayas, however, the coal tuis generally been 
crushed hy earth movemenls and is in (xnisetiuence low in moisture and 
volatiles, hut very friable. The best coking coals are practically confined 
to Jbaria, Giridih and Bokaro fields while some from the Raniptij and 
Karanpura fields arc scmi-cokiriig and can with advantage l>e h|end(?d with 
Jharia Coal to jield good coke. A part of the coal in Giridih is exceptionally 
good, being \^.Ty low in phosphorus and useful for the manufaeture of ferren 

allots. 

In the Bengal and Bihar fields, where a large number oi seams Ik 
one over the other, st is found that the lower seams ace generally higher 
in fixed carbon and low^r in moisture and volatiles than the ones abovT, 
which may be explained as due to the eff(.^t of pressure and compaction. 
When a r^on is subjected to folding, as in the 3loh|>ani field of Madh^^ 
Pradesh, these efTecls are still more marked in comparison with a neigh¬ 
bouring field. 
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Table 37.—Coal Classification (Indian Coal Grading Board) 


GraJp 

^ t^W volatile- 

1 ^'olatiJe 

Sckcto4 

Up to J J ppf cent anh 
O%Fr7.0Wcal. 

Ufi to 11 per cent ash 

Ovicr 6.1KKk cal. 

Crodo [ 

3 3 to 15 jvi* ttrti t aali 

Over 6.500 nml, 

1 ^ 

1 M to 13 per cent ash. 

OverejOO Cftl. 

Under 9 per cent maialiir^ 

Grads 11 

IS Itv 18 per ernt oab | 

6,000 caJ, ... 

] 1 to 16 per Cent ash 

Over 4000 caL 

Under 10 per cent mnislurc 

Gi^fr til 

ZofirnGT to the aibove 

Inlcrior to the above 


GONDWAN.4 COALl'IELDS OJ' INDIA 

As aliwady iraentioRC^d, the coalfields are foutid along certain linear 
tracts and can be divided into groups. The names of the fields given 
below are those shown on the map accompanying Fo.v's ’ Lower Gondwana 
Coii]fi42]ds of India " {Mrm, 59}. 

Himnlayati area —Abor. Miri, Daphia and Aka, Bhutan hills, Buxa 
Duars and Darjeeling. These fields are of little economic, importance 
as they are inaccessible and the seams are folded, faulted and crushed. 

North Beogiil. ^Hura, Ciihuria.Chnparbhita, PachwaraandBrahmani. 
These are all small and unimportant. 

l>amodar volley .—The northern group includes Ivundit Kuniia. 
Sahajuri, Jainti, Oirdih (Karharbari),Chopc, Itkhuriand Daltonganj. This 
is much less important than the southern group which includes Raiiiganj, 
Jliaria, Bokaro, Ramgarh, North an<l South Karanpura, Auranga and 
Hu tar. These are at ^vresent the most important producing fields and 
contain almost all the coking coal rcserv'esof the country. 

.Madhya Pyadesh (Eastern group).--In this area the middle series of 
the Gondwana System are well de^'eloped and the coalfields appear i n 
the strata l>cneath them. They include Tatapani, Ramkols, Singrauh, 
Korar, Umaria, Johilla, Sohagpur, Sanhat and Jliilmtii. 

Between the c.Ntcnsive Soliagpur field and the northern border of 
the Chhattisgarh area there is a laige spread of Takhir rocks so that some 
of the following ap|icar as outhetB on the Takhirs : Jhagrakhand. Kurasia, 
Koreagarh. Blsrampur (SiigujaJ, Bansar, Lnkhanpur. Panchbhaini. Dam- 
hn.n!iundA and Scndiirgarh. 

Madhya Pradesh (Western or SatpuraJ.—Mohpani, Sonada, Shohpur, 

Ihilhara, Patakhera, Kanhan valley and Pench ™||ey. Of these, Idohpani 
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is aul isolated field lying north of tlie Satpiiras^ the othet^ along their 
southern border* Pencil valley m bcin^ actively exploited at the prc&Eiit 
time, 

Mahanndi valley.— Hasdo-Rampur (Sirguja), Korba, iland river^ 
Raigarh [N, and S.), Hiingir, lb river (Ramptir) and Talchir* Some of 
these are potentially im|>ortant, 

Ward hn -Godavari valley,—Bandar, VV'arora, Wun, Ghughns- 
Tvlwasa, Chanda, Baharpur, Wamanpalli, Sasti-Rajura, Antargaon, 
Tanclur, Sandrapalli, Kamafam, BandnJa-AlEapalli, Lingala, Singarent, Kotta- 
gntiem, t>ainarchcrla, jVshwaraopeta and Bedadanuru, 

In this area there is an extensive de^'clopment of Kanillii and younger 
rocks, the coal measuiies appearing us isolated patches se^mrated by and 
from underneath the younger rocks, 'fhere is every^ probability that several 
of these coalflclds are much more extensive than they appeaTp and e.xtend 
underneath the younger rocks* Tlie extent of the Godavari ir'aHey fields 
is therefore likely to be considerable. 


THE R.ANfGAXJ caVLl IEU> 

Tliis is the easternmost field in the Damodar ^Tilley and is situated 
arr>und Asansol, about 130 miles noflh-wcst of Calcutta. It covers about 
600 square miles of proved coal-beaii^ig area. It is surrounded on three 
skies by Archaean rocks but on the east it passes beneath alluvium and 
latcrite where its e.\tension is a rnatter of speculation to be proved by 
drillbig* Table 38 shows the succession of the formations expcecd in the 
field. 

Table 38,—Gondvvaka Succession in tuE Rasigasj Coalfield 


Formation | 

Dp*dtij>lian 

Mmtimtnn 

thkkiiese 



nKT 

Supra Pancheta. 

Red add grey uadstoncti and ^luiles 

1,000 

I^achet 

ii 

Mid grry sondstened). red atid grim- 

1 uh. shaleg rr+ -n. -r. ^ + 4 

2000 

BatligAhj 

Grey aed grHfnish #of( rddspathic ftaRjjildiws, iJiaIr! 
and cwl sedilfU 

3.400 

ahftJcfl 

JJiatk CMbonaccoM sJlaleJ with iranstune Imnds ■ - - ] 

1.200 

BoraXjir 

CmTio and medium grey and widte Mindatenrt. 
and eoal »«Mns 

2*100 

T^chLr 

tpdmlder bed 
at the Ixuc. 

Coatie saoifetcHMs abcn'c and gramtsh atwl sandy . 

shales below 
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The RaiTigi^nj cooJlield is fauJted down on the south and west, the 
southern boundary being a series of faults, running m echdon, indicating 
a throw of 9j(XKl ft. near the Panebet hiil. Over the greater part of the 
northern side, the (ronduana boundary is one of original de^>osttion, modi- 
hed of course by later erosion. The oldest beds are found in tlie north, 
and are overiappetf by younger beds in a southward direction, the generaf 
dip being also southwanL Besides the boundary' faults, there are also 
oblique and cross faults in the field. The main dislocation probably took 
place ill the Junkie, The field is traversed by many dolcrite and mica- 
pcridotlte dykes, the latter having produced much damage to coal. The 
intnisives arc later than the faults and may he of Rajmahal or Deccan 
trap age. 

Coat—t.oal learns, roost of which ha\^e two or more local names, 
■occur both in the Barakar and Raniganj stages. The seams of the Barakar 
^ries are naiuctl as follows frum belcw upwards :—Pus^u : Damagaria- 
Ssdanpur A ; HSndabajipMr-Siilanpur B ; Gopinathpur-Salanpur C-Kasta i, 
Jvaikdih-Shamjuir 5-Rajnnagar ; Sharopur 4 " Chanch-Begunia-Shamptir T 
The seams in the Raniganj stage are^ from below upwards Taltor : 
Sanctoria-Poniati * IfatnabKoithi ; Dishergarh-Samla ; Bara Oliemo- 
Riighiinathbati - Maiioharb^ihaj - Hana - Poriarj>tir - Satgram -* Jo’tejanaid-- 
Dobrana-^npur ; Sripur-Topos-Kenda Chorn-Purushotliimpur ; I.ower 
Dhadka-Nanimburi-Banbra''SQiiachont-BonbahaI | Bani Chak-Ncga-Jameri- 
Raniganj - Lower Kajora - Jamhad - Ik>w lab - Bankola r Gopalpur Upper 
Dhadka-.Salpukhiiria-Ghusik-Searsol-Upper Kajoni ; Hirakhun-Narsamuda. 

Of the above, several of the Barakar seams and in particular the Ram- 
nagar, Laikdih, and Bt^mia seams arc caking. The Sanctoria-Poniati 
and Dishergarh seams belonging to the Raniganj stage are exceUcut steam 
■coals which can alsQ be blended with good Jharla coals for making coke. 
Estimates of the coal reserves by the Geological SurV'O^’ of India In 1953-54 
in this field, itickicling that already exploite^L are : 


Kifiib ol coal 

1 Million tons 

1,000 f«t \ 2.000 feet dopUi 

■Coipng (grade 1 and better) 


34S 

flfTHilfc J atiEl heltw) 

2,739 

4,838 

Ncni-cokir|{ ffttber) i 

—_ ___ i 

4.949 : 

F.432 

¥ 

T^al 

1 

7.996 

JMIS 


Ciial sfill m ifrouiLd 


7*456 


3.07a 
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This coalfield has been worked since about \^Q0 aii<| the total amoujit 
raised to the end of 1950 being around 350 injlliDn tons, from available 
statistics. The diOorence between this and the figure ohtainahk from the 
Table represents coal I*st in workings by fire. Oooding. etc. 


JHARIA COALFIELD 

This is tlie most important coalfield of India, being respodsible for 
sf>methjng like 40 per cent, of the total Indian production, licsidcs being 
the most important storehouse of the best coking coaL it is situated about 
170 miles west of Calcutta, the town of Dhanbad 1 jing on its north-eastern 
comer. The field is roughly sickk^shaped. being about 12 miles N,-S., and 
24 miles E.-W. The total area of Goiidivana rocks exposed is 175 square 
miles of which Barakars occupy S4 square miles, and Kaniganj Series 
21 square miles. The other strata exposed arc Talchirs and Barren Measures. 
The Talchirs are found along the northern and western margins with a 
maximum thickness of WO ft. the boidder-bed being 50 ft. thick. The 
Barakar Series and the Barren Measures have each a thickness of 2,000 ft- 
w hile the Raniganj Series is 1,^ ft. thick, the former expose^! in the north 
-and east of the field. The Raniganj measures form an elliptical outcrop 
in the south-westem part of the field. 

The Jharia coalfield is faulted against the .^rchacans along the southern 
margin, where the strata dip inward towards the centre of the field. Two 
^jiriikll bursts of gneiss are found, one in the aorth-casteni and the other 
in the north-western part. There are also faults on the other sides as well 
as cross-faults wnthio the field, most of them being of the ^ sag-fault' type, 
A large number of dykes of dolerite and mica-peridotite traverse the field. 

Though coal seams oocur in both the Ekirakar and Rainganj stages, 
those in the Barakars are by far the most important. This stage contains 
more than 25 seams, the more important of which are numl^red I to XVIII 
from below' upwards, scams X and atmve being of good quality. Amongst 
the best scams in thk field (Indeed in EndLa) are XI, Xi\\ XIV-A, XV^ 
XVflandXVML 

The total available resei^’es and those which were originally present 
in the Jbaria field, as per estimates made in 1953 by the Geological Survey 
of India arc as loUows. The available data are confined to a depth of 
only 2,000 ft. from the ^rface. 

The field ?jas been exploited since about I l!l95, the amount raised up 
to 1950 bdng about 550 million tons. 

II 
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^iilion tcHia 

0 to 1.000 f«t : 0 to 2r00D ted 

C^rado ] and betirr 

Other grades ... ..* 

1 

IM5 2.6^2 

6.112 9,672 

1 

Original rescrt'ifs, total 

Rtwn'rs now in ground 

S,II7 12,354 

7.442 , 11.679 

THR COAL RESOURCES OF THE GONDWANAS 


AcEording to recent estiitiates the rcserv^es of all Gotsdv^iiiia coal in 
seams, I ft, or more in thickness, are of the order ot 70.000 million tons,, 
hut if the calculation is rtstricted to seams of 4 ft. thickness and over^ the 
reserv'es would be of the order of 25,000 mil lion tons, (dnsidering coats 
of comparatively good quality, those containing 2Q per cent or less ash, 
the latter hgure trill be reduced perhafis to about 7,000 million tons. Good 
quality coking coals are confined practically to the eastern coal fields of I lie 
Damodar Valley—Raniganj, Jharia, 15okajo and Giridih, but the last is 
neaiing exhaustion. The coals of the Karanputa and Kanhan valley fields 
ane coking to semi-coking. All the other fields arc so far knov^-n to contain 
only non-caking coals, but some of them can be blended with good Jharia 
coking coal to yield coke of suitable strength for lar]^ blast furnaces. An 
esbmatc made in 1950 by the Metallurgical Coal Committee puts the reserves 
of coking coal in India at 2,000 million tons in the ground, to recover all of 
which it will lie ueccssar}" to adopt stringent conserA^ation measures^ 

It is only the Raniganj and Jharia fields which have been njapped 
satisfactorily^ Eii’en in these tht^rc am practically no data for resen-^es 
at depths of more than 2,000 ft. Our knowledge of the other coallields 
is still unsattsfaclory^ but they are being mapped in detail and investigated 
by drilling to estimate the correct order of ri^serves. It is however certain 
that the present estimates of reserv'es will lie appreciably increased as a 
result of detailed investigations. 
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CHAPTER X[ 


UPPER CARBONIFEROUS AND PERMIAN SYSTEMS 

THE UPPER PALAEOZOIC UNCONFOR^HTY 

The lliddle to Upper CarbonSferoos period was one of stiipcnfious 
changes on the surface of the glolw. These were brought abni^ut by what 
is know'll to geologists as the H^cynian or I'anscsH R€V<fiutioH. It brought 
into existence some of the rnountain systeins of Central j^sia like the Tien- 
Shan and Kim-Lun and also the precursors of the Karakorum mountains. 
At llie same time was also fomietl a great central ocean which stretchetl 
east to west from China to Spain, spreading not only over the area of the 
pre-sent ftleditcrranean, but extending over a wide belt to the north and 
south. The deposits laid down in this oceanK which has l>een called the 
Tfikys, are now recognised in the Alps, the Carpathians, the Caucasus 
and Asia Minor Syria, Iraq, Iran, Baluchistan, Afghanistan, and along 
the Himala^'as and their extension to the south-east. To its north lay 
A ngjzraf^Eii^ comprising parts of Liberia. To its south was a great southertr 
continent called Gondu^analand w'hich comprised India, South and East 
Africa, South America, Australia and Antarctica. These southern lands, 
which are now separated from each other by latge stretches of oceanic 
waters, sct'm to haix: formed a more or less continuous mass through the 
greater part of the Mesossoic, All the compiQnents of this Gondw^naland 
arc characterised by closely related finidatile and ixmtinentai deposits 
containing coal Seams and remains of plants, reptiles, amphibians, fishes, 
etc. The oial deposits are also of nearly the same age in these lands and 
possess very similar characters. 

The Upper Carl^niferons rev'olution brought about a renevA^cU of 
sedimentation in parts of peninsular India and this continued up to the 
Low'er Cretaceous, In the Himalayas, the sea which had regressed during 
the Devonian times encroached on land after the great revolution. In 
Kashmir, howcA'cr^ land conditions prevailed for some time during the 
Permian and part of the Trias, aoximpanied by volcanic activity. The 
Kashmir area perhaps acted as a land bridge between Gondw^naLand and 
Angaraland during the Peima-Triassic, for we have evidences of a certain 
amount of intermingling of the characteristic floras of these two regions. 

In the region of the Lesser Himala^'as, relics of glacial deposits of 
Upper Carboniferous times arc found in a few^ places.. The deposits laid 
down in this region during the Mesozoic are, howeA^er, mostly unfossili- 
ferous so that it is dihicuN to asccrlam their age. It is possthlo that tliey 
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were depCKSited m an isolatocl basm in ^ hicU the cvndHions may have been 
unfavciurable to lifCr These basins presumably dried up during the Upper 
Mi.'somic. 

The Upper Palaeozoic unooniormity In the Hinialayan area is &( 
varying magnitude in diferent places. It is of very short duration in 
the Spiti V^aiiey+ for the Po Scries of Lower 5[tddle Carboniferous age is 
fohoivcd by Pertno-Carboniferous strata including the Productus Shales. 
In Kumaon the Carboiiileinoiia strata are mi^mg, the eroded surface of 
the Muth QuartssHe being overlaiu directly by Permian rocks. In K^isliinir 
there are the SyringothjTis Limestone or FcncsteUa Shales. In other 
places Uie unfossiliferous Tanawai Series are seen below the Permo- 
Carboniferous stratap In Hazara the Fre-Cambrian Dogra Slates are often 
Overlainp with marked unconformity^ by glacial boulder beds called the 
Tanakki Conglomerates which ate considensd to be the oqui^nilents ol the 
Taichir bouldcr-bedSp In Chittal also there is an unconformity at the top 
ol the Carboiuferous strata^ the latter being follovi-ed by the Infra-Trias 
and the Trias, In the Salt Range there a a hiatus between the Salt Pseudo- 
morph shales and the Talchir boulder-bed^ the latter being followed by the 
Speckled Sandstones and by a fine development of marine Permian^ 


SPITI-THE KULING SVSTKXt 

The Upper Carboniferous of Spiti, as already noted, is markod by 
an unconformity conglomerate^ This conglomerate nsts on the Po Series 
or -cartier nocks and is followed by Permian strata constituting the Kuliug 
system. 

Calcareous Sandstone,—The lo%vest members of the Kultng system 
are grits and quartzites, overlain by calcareous sandstones having a thickness 
of about 100 feet, and containing fossils which ha%''e afhnities with those 
ot the Middle Producltis Limestones ; 

-s p.. Spiriff r fasciger. S. niiieniis^ maremiy Dkia^m^ 
laSouchei, A tiii^skge^ Spirigira g^rardi, 

Productus Shales. — The cakareous sandstones are succeeded hy a 
group of brown or black carbonaceous and siliceous shales called the Pro- 
cluctiis Shales whkh have a thickness of 100 to 200 feet and form a fairly 
persistent horizon in Kashmir, Spiti, Kumaon and Nepal, They enclose, 
especially in the lower part, a rich and cliaractcristlc Permian fauna of the 
same age as the Middle and Upper Prorluctus bah of the Salt Range^ but 
yet of a different facies. About 30 feet below' the top, there is a horizon 
having a thickness of bandy I foot, from which concretions containing 
cephalopods have been obtainedp this being in fact the only cephaJopod 



326 GEOLOGY OF INUM ASU BURMA [CHAP* 

PLATE XI 

FER^lO-CAHliONIFEROUS FOSSJLS 


EjifljlSaTIoK of PLAtK XI. 

I, Pn>dv£ivs spilUvuie (1^3]. 2. P. ^OfA (Ijil]!. 3- P- 4. 

jmStuhsus <2,'J). 5. P- wrmirtfifttlAfifi (1/411, 6. P- (1/4). 7. P. 

(1/4). S. P’ gAngfficm (1/3). 9- htrmfayfntis (1/3}- 10. .^fargim- 

firA viAmttA (l/3|i. 11- CAtfPwIrfj (3/3). 12- Spirijtt (j^pmrirrrltiiL) titjah 

(1/1). r3- Spiri/mAA CTUtAi* (1/3). 14. UiKiwuIia mtdtikmisii (J72). 15^ SyriMgo- 

tJtyrii tHspidaia (|;3). 16. Ditlatma hdarmu ((j'31. 17. CamAf^ph^Jria 
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yielding hoii/x^n in the sh£ili?s. Amongst the fo£^Js of the ProdiictiM 
Shales are : 

l^rsi^liicspcidKi +.. dMrJcrtgj. P. Mihif P. SpiHffr 

S. fatcig^rt Spirig^ra g^Fi^tdi. Murji in 
h i matawntis, Ckotuia 

CtfptmJopQ^]^ ... Xf¥UKpis isrlNmitriii, C. kra/ffi, 

C. 

KUMAON 

In nortliem Kuiiiaon the 5!ijth Quartzite formatiDn is gencroILy con- 
fomiably overlain hy the black Kiding Shales of Permian age. The Line 
of junction is al^'ays ver>' sharp and represents a considemble lapse of time 
which may extend from some i^wrt ot the Devonian to the lower part of 
the Permian. Basal conglomerates which are said to nndcrlie the Ruling 
l^haJes in Spili are not found in Kumaon. This stratigraphicaL inten^aj 
is partly tilled, In some places, by sediments like the Po and Lipak Series 
as in Spiti, or by the Panjal Traps as In Kashmir, 

The Ruling Shales or (Productus Shales) are usually from 30 to 50 
metres thick, but may be less as at Tinkar Lipu, or as much as lOO metres 
thkk as at the Lebong Pass west of Knti. They apjjenr to represent a 
deep marine deposit and are generally poor in fossils. The fossils got fronr 
them include CychlobMis Mhami and J^alkeri both of which indicate 
Upper Permian age, A lower horizon of the Permian is found in this 
region only near Kalapani w'here the shales have yielded Prifdueiiu htma- 
/nyann-j,^ P, abichi, P, semtT^kuiaius, and Spirifer Hbeianus^ 

The same facies continues into Pabikhanda and Byans an<i probably 
into .VepaL Some of the fossils found in Spiti have been recognised here, 
particularly CHorteies ihsardfms, Sptrifir nitiensis and sevcffal Product ids, 

NORTH-U^ST KUMAON—HU RDES 

Exotic Chltichun facies.—On the border of the Hundes Pro^niKO 
of Tibet and north-western Kumaon is the region of Kiogar and Chitichun, 
It contains Permian and MesosLoic rocks of the Teth>'S Himala)!! which 
are closely associated with extrusive and intrusiv’e basic igneous rocks tn 

(J/3)- Ifl- F0tu5tFiia Mf- fosotta (3]r 19. Prdi&Ffi^poFa txmpia [6). 20. SnphtmHi 

ttFfi (2/3) 21. Afiirn'itia ditpar (I,-4). 22. SpiFifer fauign (lyj). 23 
wa^thi (I). 24- Pli^^roftmaFiiM nudi* (2/3). 25. Wu^jiKia K^rlAi <1/31* 26. JJbh- 
(1/3). 27. /JiwiiitiM (2/3). 28. (I 

29. Furyde^tna titipiictiM {114}- 30^ Spi>j/pr j (I/6>, 31. PafoixaFhida dipi^ 

32. JwR^riftCHrUrj ^dJ^JHiricuf <|/3)+ 33- Syi-iPPiGi/Ayri^ (1/3). 

34. /Vrtrfu^/ja (TEnieth^fvil prrmirtm (( ,'41* 
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^hich arc embedded huge noasscs oi sedinientaries of a facies entirely 
unknown in the Tcthyan Himalaya, These se<iimeuUr>' masses, which 
arc mostly limestones, %'ar>' in size from boulders to hillocks of some size 
and even shcct-like masses. This area Lies slightly to the north of the 
strike contimiation [to the south-east) -of the stone of SpiU. The roots 
of these masses must lie somewhere in Tibet, though so far the place of 
their original rleposition has not l>ecii identified* These masses, known 
as the'' exotic blocks " hnvc been described by .1* von Krafft and C. Dicticr. 
Their presence here has Ijteen explained as due to the shattering of the rock 

.VbvP X. 



formatin the Tibetdn region hy great volcanic explosions and trans¬ 
port over long distances by lava flows to their present position. An alters 
native hypothesis ad voiced hy Dicner and later supported by Sucss(" The 
Face of the Earth English Edition Vol* IV, pp. 561-567] is that thev" 
represent the remnants of thrtist sheets or nappr$ from the north. This 
Aiew is strongly supported by Heim and Gansser who the area 

during their traverses in the flimala}^ and Tibet in 1936. They state 
that the li mestone ns asses are of the nature of Kitppen, lying among much 
younger; mainly Cretaceous, sedimenbi though completely surrounded and 
often intimately penotrated by igneous rocks. They have found eA^dence 
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that the intnisives muiSt hAve pkcnetraled these rocks tiiainly beJort thnistin^^ 
though it is likely that some of them were injected along the thrust sheets 
while the thrust movements were actually in progress. 

The exotic blocks comprise pink, red and white Umestgnesof all ages from 
Permian to the Cretaceous, this tj-pe being called the * Chitichun fades * 
by Heim and Gansser# Those of Permian age contain several charac¬ 
teristic braebiopods. The Upper Triassic limcstom^ arc extraordinarily 
like the red and white Hallstatt marble of the Alps both in htJiology and 
fo^il contents It is remarkable that this Chitichun facies should be dosely 
related to the Alpine t^Tic and not to the Tethys Himalayan fades lying 
to its souths This indicates that the conditions of life and sedimentation 
in the marine basin which stretched from Tibet to the Eastern Alps were 
extraordinarily uniform but that they were markedly different in the 
adjoining area of the Tethys Himalayan xone^ 

The Permian limestones forming the peaks Chitichun I, Malla Sangcha^ 
etc. have yielded a rich fauna comprising the following :— 


T niobitca 
BfAchiopcxls 


Cephnlopods 

AntbciEOa 


Pkiliipiim rniddUmitsi, Chetropygt 

. „ f^qrfiKT/Mj jvnff*. cJiilicAff wmiV- P. 

p, abitkh fypkjx. Lyiioma nobitk, 

Spitifrr fayfigfr^ 5+ mynnHj. S. Maritma 

cf. Af. RfticulatiA ^piri- 

grattiik, S^ d^rbyi^ Atkyrit royisii, sub* 
txpansa^ Enkktei frmagini. Camwophotiii pvtAimi, 
Htmiptyckiwa tiklarmA /‘hHgatum, 

Nisfothywit friptiaiia, Rkhfkoftmm 

Hauiiluw Aimicvs, Xmoipit idtbmsria, Cydeiebtu 
widkm. 

.... AmpkjKus fofdltoidtt, Zaphrmfit h^yrkki, CiisidpkyUHm 
indiM, 


310UNT E^OiREST REGION 

The several Everest expeditions have gathered a considerable amount 
of information on the geoUig>'' of North Sikkim and the neighbourhood 
of Mt, Everest* The top of Mount Everest is composed of massive, are- 

naceous limestone dipF^ng gently toWitrds the north and continuing laterally 
into North Sikkun. Thk is called the Moutd £vt»at Limeslom, whose 
thickness must be 1.000 to 2.000 feet. It is well bedded and contains fold* 
spathic sandy bands. IU age is Carbonilerous in the main and possibly 
PcrmO'Caj'bonUerous in port. 

The Mount Everest limestone is underlain by the Everest PeliEc 
Series of 4.000 feet ttuckiKsss, consisting mainly of shaly and slaty rocks 
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with cak^ireou^ and sandy band». [t is injected profitscly by granitic 
nxks. Its age is probably Carboniferous or earlier. 

The EiVerest Limestone is overlain conformably by the Luchi Serks 
which covers a large area north of Everest and in North SikkiriL It has an 
aggregate thickness of 2,000 feet and contains glacial bonlder-beds, a lawyer 
fossil iferous limestone bed 50 L'Ct thick and an upper fossiliferous cal¬ 
careous Sandstone (300 feet thick) containing Up|jer l^ermian fossils. It 
is overlain by the Tsa Sfn^$ of Triasic age* 


The fossils in the Lachi Series include 

bonrER HDAlfO^ * **. conk i ncluilmjr SiFMp^raiius iMAitiliis. 


tlrr^R nORIEOEtj {CAlCAHEOViSi SANDStONB} 


Bryo/oa 

Bfaclikppixl!i 


LaEEvenibnnfHft 

CMtropocI 


luttFmaia. »p. 

Spiti/tF iSpiripKlia) rajak Sptri/jtT (iV«a- 

piri/cr) MMiakkFyU»t9ii^ A/arginiffra himniayentU ^ 
Fradutlm (Waaf^fHO£aM£k&} pur^am^ Uniinawf^iina 
JabifMsis, Syrin^pikyris tydfkJ^fri. 

Pprsilfiiodiin silf, PUutophffrut Bp., 

Ai'icuiapectpit kyetNo^ii, 

Pitttrf^fpmsfia air. iyritnlafis. 


The succession in the Everest region is shown below :— 


T«cii Uisvne Seriis 


Lacbi Series 


3Ut. Limeatone 


r I'^rk Jim^^tonra and ahaJi^ (TriaJsIc) 

1 Quartettes and ahiaJes (400 teet) 

I Catcareciii Jandsloom {300 fwt) wjth Upper Permian 
rcfBiiis 

TVbble bpfL-i f600 feet} 

Limeslonejt and shaleg. (30 feet) 

Quartzites, silts atid shales (600 feet) 

^taasive armaecous limestoni^ (1,000^2,000 fwt), 
CarboniicrQua 


>ft. Everest Pelitk Selica Slaty nock^ i^ith homli of limeslojie and sand^tane, 

injected granite (4,a» mainly CarboniferDus 

L«w«r cslureoiu Seri«* Limtatunea. shutcS, «»c., e]itensjvi>]:y injtcM by 

granite 


In the Rangit Valky of Sikkim, coal-bearing Bamknr rocks have been 
found in associatbn with calcareous rocks containing some Productids, 
N eospirif^, Fmesirlla, etc. 
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ASSAM HIMALAYA 

Our knowledge of the geology of the Assam Hiraalai-a was, till recently, 
confineil to the material collected during military expeditians into the 
north-eastern frontier tracts. Since 1950 some geological traverses have 
been made in these areas. The fossilifcroiis lunestone l>ouldets of Permian 
age found by MacLami in the Subansiri river gorge have now been traced 
to their source in the Ranganadi basin about 30 mites south-west of the 
gorge. The fossils include ProdMCitts, Spiriftr, Ch^ntks, IfrfffiiAina. etc. 
iiKlicating the same age as the Killing System. Similar hmestoncs have 
aiso been found in the Siteng valley In the .^bor Hills. Since these rocks 
are thrust over the Tertiaries it us evident that they must have travel ted 
some distance southwards from the place of their original deposition. 


KASHMIR—PANJAL VOLCANIC SERIES 

The great revolution of the Upper Carbouiferons age converted a large 
part of Kashmir Into a land area with ™lcanic exmditions reigning. The 
volcanic actis"ity was at first of the e.'iplosive type ftud contributed frag- 
mentarv' products which were deposited as agglomerates and pyiuHilasdcs. 
The later activity vras mainly in the form of las'a flows. It reached its 
clitnax in the early Permian : then waning gradually, it died off finally 
in the Upper Triassic. AVhile the igneous action was prevalent in certain 
areas, the sea was encroaching in others, so that w'e fin<l marine sediments 
of Permian and Triassic ages side by side with products of i^olcanism. 

Distribution.--The volcanic series is e.'ttensively developed in the 
Pir Paitjal range whence its name is derived ; to the west of the Jfanskar 
range up to Hazara : in I^dakh and Baltistan : also in many areas 
around the Jhelum \'allcy. 

Varying age»—The earliest manifestations of yolcanism seem to be 
of Middle to Upper Carboniferous age. e.g., as early as the latter part of 
the Moscovian in the Lidar valley and Upper Carboniferous near Sa^tg. 
The trap is seen lo overiap beds of various ages and its upper limits are 
diffetefit in different areas. In some places it underlies the Gangamopteris 
nr Zewan beds. Near Sonamarg it is higher up in the Permian, while 
north and west of the Wular lake it extends to Lower, Middle and Upper 
Triassic and is intercalated with betLs of the respective ages, 

Agglomertitic Slates,—The volcanic agglomerates are gritty or 
groywacke-like and grarle fnft]uently into slates. They contain angulv 
fr,igmeiits of quartz, feldspar, tjuarti-porpbyry'. granite, limestone, devi* 
trilled gla.ss. etc. They wwe once regarded as of glacial oti^n. But the 
absence in them of ke-scratched pebbles and Ijoulders and the presence 
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of giass fntgmentis and volcanic matcriaJ, have tondcd to support 

the view that they are pyroclastic and derived from volcanic explosions and 
rearrange I by subaerial agencies. 

The Agglomeratic Slates are generally iiitfossilifcrous but well-preserved 
fossils have been obtained from them in about haJf a dozen localities, the 
most important of which are : (1) Near Kismar hamlet at Xagmarg where 
they overlie the Silurian and are succiieded by the Panjal Traps, the upper 
portion being fossjUferous : (2) in the antidine of the Marbal v^adey over- 
lying the Fenestella Shales ; (2) in the Kolahoi-Basmai anticline where 
they overlie the Syringuthyris Limestone, the higher beds being intcr- 
bedded with the trap ; {4} in tile Golabgarh pass in Pir Panjal overlying 
the FenestelLa Shales. 

The f^sEib fDLind in area^ are t— 

Drachiopods ... Sptrif^ JUlViViuij. Kismayi. S. famgfr : Pra^ 

ductus var. P. fcabri^slus. P. imdalus, 

Ditiusma sp., SyriHjfoihyfii £mpidti ia^ 

Nd^iri4r^efUPX, Dffbym tvguhks. CaMuropkortfi 
4owkatrKsa. 

BryoADA PrcfiortUpivQ Prnrsitif^ Bp. 

Larnellibranch^ ... IJtm sp., PinHa 

Fanfal Trap.™The Panjal Tmp consists of bedded flows ol green, 
purple and dark colours. The lavas are sometimes amygdaloidaL or par- 
ph>Titic though compact fine-grained varieties are the most common. 
Intcrbedded with them am pyroclastics and occasionally sedimentary 
strata. The hows vary in thickness up to 20 or 30 feet and arc generally 
lenticular. Locally they attain an enormous thickness, the maximum 
being estimated at 7^000 feet in the Uri district. 

The lavas are andesitic to basaltic in composition, but acid and ultra.- 
basic varieties have also been found. The acid varieties found in the area 
around the Kashmir valley include rhyolites, dacites and trachytes. The 
ferromaguesian minerals and feldspars are generally seen to have been 
chloTitked and epidotised. 

Gangsmopteiis Beds.—Beds coittaiiung Lower Gondwaria plants 
occur intercalated with pyrodastics in several places and are overlain by 
the Panjal Traps. The following localities are W'dl known as yielding 
typical flora ; Golabgarh pass (Pir Panjal), Gulmaig, Khun mu and Risiii, 
Nagmarg* Bren and Marahom, Near Nagmarg on the Wular lake, the 
soft arenaceous beds underlying these plant beds contain PradueSus 

P, ^cahriculus, Spiri/^r mttgHSiS^ Syfing/Othyris cuspHatu 

and FemsUiU which give an njimistakable indkation of Uralian 
to Lower Formian age of the fauna. The slaty plant beds contain 
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G^gamofiitris kmhmirfHSis, Glosutpieris indica. Psygmapkyt/um haydem, 
Vertebritria^ also tilt* amphibian .4rcfr;'jfit,t«MrKs ornaius and the fishes 
Amblypterns /n»shmwnsis and ,4, symmetrkus. These betls ate therefore 
of Lower Permian (Karharbari) age. 

The Apharu'nt ridge near Gulmarg has yielded GuugatHOptirix, 
Giossoptrns. Aleihoptens, Cordaites and Psygmop/iyffuM from bcfis under¬ 
lying the lava flows and o^trrlying the Tanawal Scries. At Brer, near Sri¬ 
nagar, a A'HrvKf^^d-lwaring horiton is just beJow the Gangamopteris bed. 
At Risin and %*wan in the \'ihi district, the Gnngamopteris ber! underlies 
fossil-bearing Permian limestone and HDontains tile amphibian Aeiiiiodojt 
risiHtnsis and the fish Lysiplfrigium deJirrai. 

The Gangamopteris beds have dilfercnt positioits with Tcffretice to 
the volcanics—atmve tile volcanics at Khimmu and Colabgarh fwss. below 
them at Jf^arg and Bren, or intercalated with them in one or two places 
—and their foMil content points to the same age as that of the Tolchtr 
and Karharbari beds. The point of importance is that at the Golabgarh 
pass and Marahom the plantbeds underlie the Zewan beds nf Middle Permian 
age. Their age is therefore Upjwr Carljonifcrgus to Lower Permian. 


ZEWAN BEDS 


The Zewan berls take their name from 2^wan, a village in the Vihi 
district. They extend also into the Sind and Lidor valleys, .At Zcwati they 
^ atlicified l imestone jiiovaculitel. tlie basal nortion being a 
ligialpne overlain by beds comaining the brj'twoa Prtdtirclfiiora amfila . 
This horizon is well exposed in the Golabgarh pass, Zew'Bn spur, Giiry'al 
ranne, etc. and contains numerous colonies of R besides /.WtouM 

*>iJinffrtna zr.iitufiisis and Derbyia ,sp,. Above these comcsholw 
afid thin limestones, about 400 to 500 ft. (hick, with a rich Pemiiaii fauna. 
The Upper Permian lK!ds are missing at Zewan but are well seen at Bams, 
a short distance away. 

The Inuan ii 3 c!yd<« ; 




BryOzoa 

Ccmld 


ahifku Spiwi/fr rajah (abiiodmitj* 5, •hi'Ijcji- 
Mtf, 5 . fiiiagffTf Margim/^a himalaymiis. 
(nbuiactMt) A/* Spmgira g. 

Mtdfetpamsa, DUIOima Ptrla^ma hasmum^ 

Camaropkurm purdonw c" 

lofuif, Spin/rrim trisiaia, Lytfoma no&i/ii. 
Pr&fQ^tftp^pfa awph, FuseiUth 40 . 

... A nrplrjrui^ Z^pkitufU. 
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Tlifr fauna of the Zewan Ixids shoi*^ that they dorre^ponJ to the Middle 
and Upper Froduchis Limestone of the Sait Range and to the Chitichun 
Limestone. 

The tutce^cn m Ka^miif u Aummari3«] txlow ; 

Zewan bc^5 with iMidiilciiB J Upper Permlah 

ampin bed nep- the box. / 

CiangamoptcriJS ") 

Agftlomcratic Slate4 with >Penflo-Carhaniferaiii i& Upper Larbomicious 
Fanjfil Trap J 

Fencstelk Middle CarbcmiFeroits 

SyTiiigotlkyri!l Liiwestonc ... Ldwer Carbonitwom 

Muth Quartrlle .r.. Devonian 

THE SAkLT R.JikNGE 
GL\C1AL BOULDER BED 

The Ij 5 wer Pa1ae4i»>k of the Sail Range culminates in the Salt PscU' 
•domorph slides of presumably Cambrian age. Overlying this, with the 
interv'ention of an urconforaiily, is found a boulder bed of glacial origin 
which lies on one of the stages of the Cambrian suixession. It is hetero¬ 
geneous in composition, being composed of a mixture of boulders and 
pebbles in a matrix of fairly cotnminutctl rock flour. The boulders are 
of various sizes upto 2 ft. or more across and consist of Malani rhyolite 
and cry'stalline rocks from Rajasthan and Southern Punjab, which are 
4 }ften striated and facetted by ice action. The boulder bed attains a maxi¬ 
mum thickness of 200 ft. Both in constitution and stratigiaphical position 
it resembles the Talchir boulder bed of the Peninsiila. The presence in 
it of rocks from Rajasthan is proof that the boulders were derived ffom 
that region and transported by glaciers in Upper t.afbiMiilefous times. 

The age of the bouUler bed is indicated by the presence of spores, 
leaf imprcssioijs and other temaJns of Lower Gondwana plants in tile beds 
immediately overlynng it. 


THE OLIVE SERIES 

£uKVDESH,t lIoKiatOK.—The Upper Palaeozoic in the eastern end of 
the Salt Range is represented by the Oli ve Series, consisting of dark greenish, 
yellow and white, or spotted sandstones and having a thickness of 150 ft. 
At its base is the boulder bed which, in certain cases, may represent re¬ 
sorted and KKleposiled glacial material, N’ear Pidh (in the Eastern Salt 
Range) the sandstones immediately overlying ths boidder bed contain 
numerous casts of marine bivalves belonging to the genus £aTT,^imtt and 
other fossils, wx ; Eurydesme corJafiiwi. E. habarit»f<, E. pimjabicum, E. 
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subovalum, Pterinm cf. ia/rf. Nucula pidk^mk. Avkfdapeci^^n ap,, Aitariii^ 
cf. Qvalts, Cardiamorphtf p^figtik : (Bnichiopodj Dkiasma d^id^xmme : 
(Br^w.oa) Fettfsiel/a /omda. 



A similar Eurj-desioa-bearing h assodated witli the Upper Car- 
boiuferotis or Jowcniiost Permian in Kashmir. The fossil ton tents of these 
two horiiotis show a great deal of similarity as will be seen from the following: 


Salt 

Ka^mir 

Feiltttclla ftnsfalii 

Dif^lastna dadanensc *** 

Aviculopcclpn euQctatiLft 

Cardiamort^ia pcngi^b 

Afttoxiila cL ovalis ,,, 

Furydeama cordatum mvtiloidH 

Er ^ubolilJqua 

E. punjabitum 

F* foasula 

D. lidarGiLw 

A. eatlctatus 

C. sp, 

A. qv^lii 

£, cordatum v^. in^'tUDjdett 

H. cardatuni var. jTubquadrata 

E. globose m 


In New South Wales, Australia, two Eurydisma horizons are known ; 
the lower one with koh&H€HSe occurs just below’ the Gangamopteris tied 
and is Lpper Carboniferous ; the upper one with E. coydaium is assigned a 
Permnm age. Similar beds also occur assocuited. with the Dwyka cong¬ 
lomerate of South Africa* The Kashmir Etirydesma horizon h dosely 
allied to the Low er Permian of the Kolynaa Province in Siberia, the brachio- 
p€>d fauna of the two being related, 

Conularia zone. —The Iwulder bed passes iipwiiitis, in certain places* 
into a calcareous sandstone and black shales containing concretions en- 
dosing well preserved fossils among which Contilsha b the most abundant^ 
The Cmmlaria horizon is about a foot thick and a few- feet above the boulder 
bed and thus also slightly younger ihati the Euiyrdesma horizon* It b 
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weU seen near Choya SaMaii Shah, Aft. Chel. Ratachha, etc. The fossils 



GutiiDpocU ... CoHularm fiumgala, C. warUj. g pm/itbu*, C W jtHn, 


- S^pu^/ifs u.vrr/Ai 


LamdiLbiiLnc tis 

Vermes 

ElfBchiopcNln 


.. S^irifif tfsprrtilw, MatliMiopw iturutHt. CiomUtt. 
rrojemvMjii, itvrJA* 


Near Kathwai, the Conularia beds yielded G^osso/fUns and Gnwamofiiiris 
impressions and the following bl\'alvcs : 

Patat^mnUla ^mga, PdatonaAonta malaria. l\ sdhquadruU, P. singu- 
loris. These indicate, according to Cowper Reed, a Lower Permian horiain 
The Conularia fauna is also represented in the marine beds interealated 
^wth L’pper Palaeozoic glacial be<is in Australia, 


THE SPECKLEH SAxVDSTONE SERIES 


Boulder Bed.-\\«t of Uie Xilaw^n ravine the posiUon of the 
Olive Senes is taken by the Speckled Sanrlstones. In their tjTJical develop¬ 
ment thc 5 ’ include a basal portion comprising the Boulder Btd, a middle 
portion wnth Speckled Sandstones, and an upper portion with havndet 
Clays. The Boulder Bed has the same stratigrapbical position as that under 
the Olix e Series, and fine exposures are seen near Bfakiach and to Us west 
It is seen also near the westem end of the Salt Range, 

Speckled Sandstones (ioish These are 200 to 400 feet 

thick and consist of reddish to brownish sandstone with green and purple 
patches. .Numerous small concretionary masses are seen on the weathered 
surface. ITicy contain thin interealatkins of shales of purple, lavender 
and grey colours and also gj-pscous banils. The shale bands become 
prominent and thick in the upper part which is spoken of a$ Lavender 
Clays. 

Lavender Clays. — These lavender coloured shaly rocks and Jtwj ate d 
sandstones display current bedding, ripple marks and other evidences 
of shallow depositbn. They are well seen in many places west of Nilawon 
and up to the Indus, beyond which they' become mainly ralrareoits. 

The Olive Series and the Speckled Sandstones are to be regarded as 

facies of the same strata. They seem to be tlie equivalents of the 
Schwogerina beds of Russia and may be referred to the Upper Uialian or 
the lowermost Perniian. The Eutydeama and Conularia beds are the 
equivalents of the Nagmarg beds of Kashmir and the Rikba plant beds 


33« 


GKOLOCV OP INDIA AND BDRSdA 


[CHAP, 


of the Kamnpura ctjalrteld in Bihar which arc all correlated with the Sak- 
marian stage of Rossia. There is some difference of Dpiiuofi atnoiigst geo¬ 
logists whether to include the Sakniarian in the Upper Carboniferous or 
Lower Permian, but C. S. I'oN is in favour of its jndiision in the Carboni¬ 
ferous. 


THE PltODUCTUS HMESTOXE SERIES 

One of the l>est duvel«|ied normal marine Permian areas in ttie world 
is in the Salt Range so that the Middle Permian is often referred to by the 
name Panjabian, after the Province in which the Salt Range lies. The 
Permian succession met witia m this area iis shown in Table 39. 


Table 39.—pKkiiiAN tiF the S.4LT ICaNge 



Dh inioA 

1 

1 

Arc 

J 

Hi 

1 

i 

Ul*P£H 

100 — 150' 

1 

1 Cm DRV (SqjLcliiCDni.'^ and 

jAfiiii (SirndAtmiepii fuid marls 
with CffphalojMS^ls) 

Kv7n:>GliAT (Sau^lEtoncs conlaiil- 
LnR M^irophon. | 

Thuriulfian 

(Zcthftttiin) 

1 


n 

§ ^ 
:3si 

r 

^IiddLIS ^ 

MO'--WO' 

KALsB A<;a (Urnmnn^^ and marls 1 
With cte ) 

Veigal ijSsHceoEts limeatones) 

F^njalnan 

or 

SaKDnian 
(^uthlif^cfidcft} 

u 

1 

1 

Law^R 

200' 

i 

KaTTa ^CatfrarHiuS saad^ieii^ | 

and arenaceous ILmestofies) 

A^W fCakarroilK sanAslone atifl 
HnicstonrS with FiijMliauf) 

Artinsldan 


Lavmndhii clay (50 —IOO'J 
Speckled sandstone (100—300') 

1 

1 

, Lower I^erraiaa 


STONES 

{Eurydfsttm ant\ CoMUfaria 

to 



Bod lurk UEin (I00'-“200"} i 

1 UraljjLQ 


A mb.— The lowest beds of the Permian succession constitute the 
A mb stage which is made up of coarse yellowish and greenish calcareous 
sandstorms with a few layers of coaly shales^ well ex[)OSed in the Nila wan 
ravine. Continued westwards, they become gradually more calcareous. , 

Katta. — The Katta stage forms a transition l^etween the Afnb beds 
and the Middle PrcKiuctus Limestones, It contains arenaceous limcstoneSH 
fusulinids being abundant in this as well as in the upper part of the pre¬ 
ceding Amb stage. 
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£?ciUNiiTio^ OF Plate XIT 


t. Cytfplalnu oMftAiMi if IS), 2. ArctfU* f]/3). 3. A. pHuvs (jm 

4. Xtm>di5€us r^txmariM* (114). 3. primai fJ/A) 6. X»«^spU 

vnna^ fJ/JJ, 7. SiteAtetiroi fnmmti (I/SJ, B, Gasirioe/tmt »«. nfdn'aifHiH 
9- imilUi (|), |<|, B^Mttkxrrai «p. (J/2J. l|, Adrimtittj 

Mmia) sp, (J/2f. 12. Hya»«(tw off^ oiWfMiitji (3/2), IJ. Sitgtttriu (A/Ad/imma) 
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Middle Productus Bedn. —^Tlic most important part of the succession 
b the Productus Limestowe proper, which lorms the crags of the outer 
escarpment in the Range. It contains dolomite in addition to limestone, 
l>ut the doiomitbation has been responsible for a good deal of obliteration 
of the enclosed fossils. The limestones are bluish grey to grey in colour 
while the dolomites arc cream coloured, The lunestoncs, which include 
crinoidat and coralline ones, show fossils on the weathered surfaces, while 
the iiitcrcalrtted marb contain abundant and easily extractable fossils. 

The Productus Limestone prOfK?r is divided into two stages, the lower 
one named after Virgal and the upper after Kalahogli. 

The equivalents of these beds are found in the Chitichun limestone 
in Northern Himalaya, in the brachkipCKl beds of the Vladimir regton in 
Russia, and the Productus Limestone of the Timor region. 

Upper Productus Beds,— The Lpjier hods are to a large extent are¬ 
naceous in character and consist of three stages, Kondghat, jabbi, and 
Chidru. The Kundghat stage contains abundant fossib, especially in the 
upper part, amongst which litUiroplmti and hitphtmus are important. 
The topmost stage, the Chidru, consists of marls and limestones which, 
thoogh only 20 to 25 feet thick, contains abundant lamellibranchs in con¬ 
cretions scattered through the formation. This indicates an important 
change in faunal characters, »ncc the earlier stages are rich in brachiopods ; 
such a change may be due to a regression and shallowing up of the sea. 

The Chidru beds pass upwards into iinfossiliferous marls and sand¬ 
stones which contain some coaly matter. In places, an erosion 
unconformity is indicated by the presence of a conglomerate at the top 
of the Chidru stage. The Triassic h«ls appear above this and the passage 
beeb are thought to represent the Ototeras stone of Spiti, 


wypinri fli4). 14- Eitompk^Iui panta tJ), 15- MofmktiiUi avtUam^idtt 12/J|. 
!«, Pltasiantlla itnitnitota (J). 17. ,Vurekist>nia ttmingtns (2/3). IB. Btlltraphim 

jotusutnui (1/3)- 19- Eitphtatttf iWiriii (1/3)- 20- StatMla bi/umi (1/3). 21- 

Laeima pTogtmtria {\m. 22- £ji/ai«r JUrrufeci ( t / 12). 23. PliaropkotUt eamptanaliH 

(3/2). 24 GoaUia primma (3). 2S- (1/3)- 26- Oxylfnut 

olttvum (1/3). 27, tiua/botoi (1/3)- 2«, PaltH flrmitlgiaaui {\ 13). 29. 

(113^1 • Cktiropye* kirnalayeitsimiZ). 31. Frnttlrita fiftettgans fT). 

32- PAifirrTXM fometa, 33- CyaikocriaHt in^icai (n. titcral view ; b, basal; c, ttans- 
vcfie lectKin atem). 34, tjamdaleia icyHHTP. 35. Loasdaleia iaiinaria- 36. 
LonsJaleia itidUa (7). 37, HtsaganrUa ramasa [fi, part o( surfMC enleiigcil), 38- 

Fasalima katianuit (6, transv«n« section). 39. Zaphttntit btytitbi (6, tfansverse 
Mctjmi). 40, J>^nQpkyitam tp. (A, transverse sectum). 41- .-impltrus toralloidaf 
{a. lopgitadinal and A, trafwvefse seetinns). 42. PrDilMla* iiatalus (1/4). 43. P- 
^aliafus (1/4). 44. P. Ptndomi (1/3). 45. Stf^^pkiitosia AcvrffffHj ( 1 1'5]. 
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FAUNA OF THE PRODUCTUS LEMESTON’K SERIES 


Thi- Product us Limestone is rich in fossils, both in species and indivi¬ 
duals. The majority are hrachiopods which are abundant in all the divisjona 
and especially in the Middle one. Lameltibranchs appear in large 
niim^rs in the upper part of the Upper Productus Limestone, this 
division b<.>ing chamctorised also by the presence of a ntimber of cepha- 
lopods. The more important fossils of the three divisions arc shown 
below ! 


Lqwkk Productus nBD3 
Beach lopcHlB 


Lamcllihraiih^h^ 


OsLstropDda 


spirit/, MargmifftiM 

SirophifJotia fmuispiMa, Auloiirgew frimtifmij, 
D. Wchrfd/fvm, Hfmipiytkim 
subt^t, Spiri/tr mar- 

POMi, Sr (iV4 AmjflnV Spirift^ nigtr, Maw^ 

ffMW wmigiotfosa. Atbytti lOA^fAyridina) r«i$syii 

PAmlieU&doM Cardi^^fpka subiimtiat 

Amekiimf^^pAora pardoni 

Dmanm kaif^ifnsis^ X^aiiaptis ifistiis 


Middi^r PiODrcTVS Bftug : 


Brw:hir»pocl« 


LamcUibraiichii 

-T^phnlnpodfi 


Orthit imAiar^ SinptorA}ft^dtHS 

pt^hrgomaui, IhrhyU himitphenfa, Kiangiuna 
Pe4iini/ormh, FrcAmta§ iaAKHS, 

P* (B.) fifansv^tsaiit, P. limfoius, 

P. iWaagimoMiM} 0 ^ 1 ; Marginf/tra typU^, 
CamaFapkoria purdimi, T^wthtmutaiita dtpfi%$4L^ 
DiFimma iruna^um, QUhamina dteipitm^ Ekhikfn 
fFnia iaaFFFnfiana, H^tpiyckins impaia, SpiFipr 
wyawfi, Atkyrit (CUu}ikyrid^\ 
mpillaitt, Mariimiopps pUttjabuM. Spin/mna 
iSpirifmUina} irui^la, SpirigFrfUA iramdii, S, 
dfrbyi 

AtlariiMm StkiFodui dubiformiK 

asiis vaf^jtn*. AtKuIopaffm rtgtdorii 

PUuTid^QwmFia {M&urkmm} JmrnjisPiFa 

Mtim^cdFOi gaHaihUF, SoienaitkFaHt prrvgriitMi, Xfmpii 
larbfmaAa 


Upper PiioPtrcTi.-B hips : 

Bn^hiopodn ... *.s 5fA«i^*on'0 HnitUUi smkdiMs, 

pTOtJHflsfj (DiV/yiKJoi/iLi) P, (Z>4 spiralis^ 

Tvkmytkewia typi^, Pwodu^im^ {DkiyadoMlMi} 
araius. ProdmdtLS {tiHapmtitF.fMi] Cora, 
karrtfum, Chamttt squamtdi/fr^ Camafapfkrria 
MMptrifei, Lyti4mia mMlif,. Mrmiplyckim ktma- 
Utydnsil, Spiripr maFchensu, 

SpiwigFrelh grandit^ S, prMiftnga 
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Schizcdm ftirar^rnaim, Sc^tmyji hiarmica^ 
ffitxrt marahtHSit 

,p. Pl^^^e^ymaria {iVorfhfma) dur^it, eq^i- 

VtnaHs, B.joiuimntii, Naficitp^S stssilis 

Footdktras tddhflUiK Ptaftmxfros posfr^MUm, Fpi- 

wyM^fik H <ddhamit 

X^odiscus 

Dr, F, K. Fowper Reed, after exikinining the recent extensive collections 
from the Salt Range, states that there are no grounds, based on faiinnl 
characters, for subdividing the three major divisions of the Productus Lime¬ 
stones into stages as was done by Waagen. Even on purely lithological 
grounds, such ft sub-division cannot be sustained. Even the separation 
of Middle and Upper Ptoduetus Limestones is difficult, for the brachiopod 
faunas are lor tlie most part common to the two. However, the Upper 
Product us beds arc more arenaceous and contain anuraberof lamellihmnchs 
and cephalopods not present in the MkhUe division. 

Tire Low er Prod iictus beds are characterised by the presence of Product wr 
slH'ralis, Spirifer Hidrcu^m' and S. iiigcr. The siibgcnus Tatuiothcrus of 
iVodwefrrs, and the genus Autostegas appear also to be confined to them. 
Many of the spwcics found in the Low'er Productus beds do not seem to 
extend into the higher division. 

The Middle Productus l>eds are very' rkh in btachiopods. The sub- 
gencra Haydenelta and Cfliifrfjir/fa of Pr^ircfits, and also RicAfAfl/cfWtVi are 
confined to them. The upper dis-ision is characterised by Tschcrnysf/iciL-ia 
and Crypiatanihia and several cephalopods. 

Faunal Affinities.— The Lower l^Voductus beds have affinities to the 
Agglomcratic Slates of Kashmir and to the Permo-Carboniferous of ^Vffitern 
Australia The Middle and Upper divisions correspond to the Chitichun 
Limestone and the Zewan beds of Kashmir. The Ruling shales (^uctus 
shales of Spiti) seem to be the equivalents of Upper Productus Limestonts 
while the sandstones underlying the Kuling ^ales corrwpond to the 
Middle Productus. The .Anlhracolithic of Shan States show some general 
resemblance, though few fossils are identical. The Middle and Upper 
divisiDns arct eqoivaJcint to iht LopingiAit of China which contains sevenJ 
idtntkal species of brachiopods. 

The Lower Productus beds contain a strong element of the Pmfic 
fainia which is developed in .Australia, while the ^fiddle and Upi>er divisions- 
show a similar relationship with the boreal or Russian fauna. However, 
mingled with tlwse, there is a strong local or endemic fauna sho^ving that 
the Indian region was a distinct life pro^nce with its ovk'ii special characters. 
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PLATE XIH 


PEHMIAN FOSSILS (H) 



Expi.ARATic»« ar Pl^tb XIH 


46- fv/wfa (1/3), 4L Nukfkttfm* (li^) ia, laiRe 

valve - 6 , etfCtiflrtOfa - it, Bmall ^^vej, -4^- ^a4icd ( 2 /^). 49. JulojUgcM 

m^^iu^tuimus f|j'3T 50- Uhoitftn jpurndkitifa (I,'4]. 51, EmUlrifs iv!4afriM (r/J), 

52. (i.i'3). 53- lirmip^yckiMtM ktmtikiymiM <Z/ 5 ). 54 . 

iimpkx Qf^h 55 UmiMuIu^ (|;3j. 56u DiMamim 4i^ipisHs (l/lj (*, 

ventral *45(1 K dcPTJtil vaJvin ; £, «dc view)* 57. Sptn;^irtl(c derby* fl/2^ 58 

E. grandii < 1 / 5 ). S9. Atkym subfXpdM^ ( 2 j‘|). 60. A. tijyiJtii (2/3j* 61. AWifularid 
[2/3). 62. SpirjftT rfftains ( 1 /J). 63- S. mwsakkeyffutii {f rj). 5 

tmnoui il/4) 65- $. migit ( 1 / 3 ). ^ 5. atfdnt (1/3]. 67. Sirtpi^frhywihut J»iar- 

^m^us (3/2). 68. Dfrbyi^ gramdif (r,'6}- 69. Dirbym kemupkarica ( 1 / 3 ). 70. 

Sfrrpl^^rhyMeJim pKiimf^mis {2;3J. 7L Orfkii indUa (2/3|. 
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FAUNAL CHAIUCTERS AND EVOLUTION 

The fauna of the Productus Limestones iKare some resemblance to 
that of the Eoropean Carboniferous so that Dr. Wh Waagen did at hnit 
correlate the two. But later studies and the discovery of marine fauna 
in Siedy and the Urals sliowed that it was really Permian. It was ato- 
realised that the Salt Range Permian rocks represent a complete succession 
of normal marine Permian in the n-orld. 

The fauna includes all sub-divisions of the animal world eKCcpt reptiles 
and the higher vertebrates, I’usulimds ate found in large numbcis in 
the lower Productus beds, Crinoids, bydrozoa and bxyozoa arc plentiful l 
the crinoids are all of the Palaeozoic tj-pe such as Cyf^ioerinas and Pkito- 
criitus, and in certain places they must have been extremely abundant aa 
they make up large masses of limestone. 

The Chitichun Limestone contains two trilobitcs. Pkillipsia miJdtemissi 
and Chtiropygt himalayensis which are amongst the last of this extinct 
order of animals. 

The extraordinary richness of the fauna in brachiopods arid other 
fixed forms of life (crinoids and bryozqa) shows that these must have 
constituted veritable submarine forests at the bottom of the relatively 
shallow seas, and that the conditions were eminently suitable for luxuriant 
developtnent of organisms. In addition to many normal forms, there 
were also various abemint braehiopods. One of the most remarkable 
of these was Richthn/ttiia (which bears a resemblance to the form iissumed 
at a later period by the lamellibranclis classed under the llippuritidafy 
which occurs in the Lower and Middle Productus beds, fho aberrant 
forms Lyflonia and Otdkamm occurring in the Middle and Upper beds 
have dorsal valves resembling a midrib to which are attached a number of 
linear processes. Noetling {PalaetJtiiogriiphita, Vpl, 51, 1908) regarded 
them as representing a specialised branch of the Produfiidat, These very 
sFecialiscd forms had naturally a very brief range in geological time and 
died of! as soon as the favourable conditions of life were disturbed, Tho 
higher organised braehiopods such as the Terebratulids and Rhyncbonellids 
survivetf the charges at the end of the Pafaeosoic er.! and continued tO' 
flourish in the Mesozoic, 

The gastropods and lamellibranchs, which arc of subordinate impor* 
tance in the Himalayan Permian and in the Lower and Middle Productus- 
beds of the Salt Range, attain great prominence in the Upper Prodnetus 
beds, and prokibly indicate the shallowing of the ocean basin. Amongst 
the gastropods, a large number belong to tj'pes in wdiich the outer Up is 
notched by a slit. The most important gastropods of the Upper Productus 
beds are BtUerophott which is represented by over 20 species, Euphtmus 
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of which ^ tMiotmous nuini>tr o( indJvi^iKib occuf^, and the hrge 
tooth-shell Enialfs hrnutea^ The lainell]branch^ are more or Il'sss concen- 
tnited in the Chidni beds ; some of them {Sckitfldris, Pktfrophoms, 
Ailonsma] are typically^ Permian while a feiv prcciirsois of the S^lesozoic 
genera, Myiilus and S^piifer. also occur. 

The cephalopoda are represented hy S^antiloids and early Am monoids, 
the latter being abumlant in the Lpper Prod net ns Limestones. The 
Anmumoirls ate easily distinguished from the Xaudloids hy reason of the 
eomplkmled fiat terns of the suturaJ linesv They are divided into three 
gfoiips-the Goniatites, typical examples of which have rounded saddles 
and angtdar hdtes ; the reratites in ^vhich both the saddle and the lobes 
ate generally rmmded ' the Aminonite in which lioth the saddles and 
loties develop highly irregular and involved patterns^ 

Each of these groups has shells of various thickness in different species. 
At a Certain stage of development ilwfx? Is a tendency to hifurcatioft of 
-character of the shell in order to strengthen it : in the one case the shell 
becomes corrugated and sculptured and in the other the siitnral line 
the line of junction of septa and the shell) becomes complicatefL These 
two lines of development are particularly well cxemplihed in the Ammonites, 
but the Goniatites and Ceratites also show them to a somewhat limited 
extent. As the specific characters diverge more and more from the normal^ 
the organism becomes delicate and any sudden changes in the enviromnent 
have a disastrous effect on it. It is thus that we find these groups dying 
off in large numbers at the end of each gCH:plogical period. Each of these 
groups lias a limited distribution in geological lime, the Goiuatites lieing 
essenifaJly Palaeozoic, the Cemtites characteristic of the Triassic and the 
Ammonites particularly abundant in the J uranic and CreUceou.s, tt w'as 
therefore that the announcement, in 1872, of Waagen's discovery^ of Ceratites 
and especially of the Ammonites in the ' Carboniferous' strata of India 
oame as a surprise to Palaeontologists. 

The species known as oidhamt was fust descrihetl hy 

Waagen under the name of Phyiioceras Mhami as it w'as believed to beloBig 
to the Ammonite group on account of the serrated outline of its sutural 
inflections. It was later rea^nised that the GonLalites and Ceratites 
had also the same types of developmental stages as the .\mmonitcs, 
\Vaagen''s diagnosis of as a memlier of the Cemtite group proved 

to be correct, Cychhbus rddhami is now legaided as a highly specialised 
member of the Goniatite group and the anomaly of a ' Carboniferous 
ammonite ' has been explained. 
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KASHMIR-HAZARA 
THE INTRA-TRIAS 

UnfossilLferoiis Upper PaUcoxaic rocks are dc>vebped in the Lea&tr 
HimalayaiiMne which would incltad^ the SitnlapGarhwal and the Kashmir- 
Hazani all of which seem to have some general resennblai]ce„ 

The Tertkr>" (Murree) mm of Kashmir contains inliers of dolomitic 
limestone in which no fossils have been found. This is called the CrftMl 
and is reganJctl as the upper part of the InfraTrias series of 

Hazara. 

In western Kashmir and Hazara the TanawaJ series is overlain by a 
bouldcr-conglomerate containing ice-striated boulders. Thus formation 
is probably the equivalent of the Talchir Boulder-bed. Os^er this are 
found purple sandstones and shales which are in turn followed by 2,000 feet 
of iinfossilihrrotis dolomitic limestones. This group of rocks is known 
as the Infni-Trias scries as it underlies Triassic format ions. The dolomitic 
rock^i are. in places (e.jg-., in Kaghan) intercalatctl with flows of the Panial 
'Frap* 'Jlieir age is therefore, at least in fKirt* Upper Carljonifcirutj to 
Permian* 


SIMLA GARHWAL 
JNPKA-KROL AXD KROL SERIES 

The Upper Palaeozoic unconformity in Simla region is prohahly 
indicated by the presence of the BJaini Boukier-lKKl which may be correlated 
until the Tanakki conglomerate of Hazara. The Blainis contain atso some 
pink limestones and slntcSp the latter resembling the slates of the rnfra* 
Krols. The Infra-Krols consist of dark slaty shales with thin hands of 
c[uartzitv. The Infra-Trias is presumably represented here by the Infra- 
Krol and Krol series, but It must be pointed out that there is little litho¬ 
logical similarity between the rocks of the tvi o ajeas* 

In the Krol belt of the Sirmur 5tatc the KroJ Series is well developed. 
Its basal beds are Krol Sandstones, orange to brown in colour, generally 
soft, and containing fragments of shale, Tliey are follow’ed by limestones 
which show live sub-divisions with an aggregate thickness of 2,000 feet. 

Krol cream coloureil Umcitotie. sandstone jifkI hrown 

aliiUifs, 

„ P.—Cherty Ikifiestone. dark limnlQiU', slialei and i^uartzitcs. 

M C,—Massive cr^'^talluic lirFurstoM. oflc^n sulphurous, 

t- IS-—Rvd And gwa ilialH wHth dolomiiic 

M —Tliin brdded tdue limcstonr, shaly LLmcfitonc, Calca.rrcHis and wha- 

naccnwi ihates 
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In GarhwaJ, the Lower Krok fA) are slatvv the Middle Krok (B) being 
re^iresentetl by purple shales and the U|J|ter Krots {C, IJ, E} by massive 
limestone as seen around ^lussoorie and further eiist. 1 lie Krols of the 
two areas are rampared below' : 


Simla GnTliw^n 


Krul E 

c 

V Ltp|wr Krol : 

Majwivc LimiratOliP 

„ n 

MUUUi: Ktiil 

; Red Shaln 

Purple Chairs 

A 

Lowfr Krol : 

Limes iDne 

StatCT 


'Fhere are two great overthnists in the Krol belt, the Giri thrust which 
brings the Hiainis an<l Jaunsars over the Krol Series, and the Krol thrust 
which brings the fnfra-Krols over the KasanJi (Tertian^ beds. In the 
Chakrata area the Krol thmsl brings the Krol and older rocks on to the 
Siihathii beds. The Krol Series is seen to be highly foldetl in the area 
Irctwcen these two thnists. 

The Krols show' signs of rather sliallow water deposition oud only 
rarely contain fragmentaiy' and undeterniinable fossils, Th-e foetid 
limestones occurring in them may be taken as indicating that the basin 
of deposition was far from favourable for the habitation of organisms. 

[n the Simla region there are also the Sfmli Limtshn^s, di>lomit-es 
and slates whose age is unknown, but from whose resemblance to the Krols, 
the tw^o might perhaps be correlated. The SbaJi Limpstoncs are overlain 
by the yfadhmi Stains and these in turn by the Subatbu and Dagsliai beds. 

The Blainis may be roughly correlated wdlh the Pemio-Carbouiferous, 
and the Infrii'Knd and Krol beds with the Permian. This is how'cver a 
mere conjecliire. 


EASTERN HIMALAYA 

In the Lesser Himalayas of Darjeeling^ Huxa Duars, Bhutan anr) some 
other jdates ftirther east, the Upper Carboniferous and Permian are 
represented by the Gondwanas in w'hich typical Barakar rocks wMth car¬ 
bonaceous shales and poor coal scams have been recognised. ‘Phe 
Uiondwanas are generally thrust over the ^iwaJiks to their south. It has 
already been mentioned that in the Rangit vaUcy in nortlieru Sikkim, in 
the Snbansiri valley and in the .\bor hills, the Lower Gondw^anas are 
associates! with marine Permian rocks, 

BURMA : SOUTHERN SHAN STATES 

The Upper Plateau Limestone has yielded several Permian corals— 
Sin^phyUam, Iraftophyllum spttHdfHS^ cf, /inwri'ctf etc. which 
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have clear afhnUies with the tVrmian fossils from Southern China and Persia 
iPal I Hi. N.S. SO (2), 1941). 
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CHAPTER Xn 


THE iRfASSIC SYSTEM 

Tlic marine Triassic is devdoped in the nprtbem Himalayan lone 
in the classic area of Spiti and its sab-divkions arc easy of correlation 
with those of the Mediterranean region of Europe, This belt extends 
into Kumaon, there being some differences in the Htbology near the Nepal 
border. To the west, in Kashmir, the strata are thicker, but they have 
not been studied in as much detuit as in Spiti, though se^icral important 
zones have been identified^ The Triassic of the Cis^Indus Salt Range k 
incompletely developed, only the lower division and the lowest part of the 
middle division being seen* The upper division is, howe^Tr, seen in the 
Trans-Indus portion* 



Pig, S.^KXUtJiuw) Section N'kam Lilatu}* Spjti, 

(Arrea A. von KuMrfr. As in Diener. liUm. 3^. Pt. 3). 

1, P^Dclos ihaJe*. 2. Lowrr Tdu. 3, MtwcJwIlcilk. 4. DEdncUa slialeL 
5* DadneHa hmatoni!- Halobia hmeitflnc. 7- Grey btdi, S. Tiopitfi* shah*. 
5. Dc^omitD nkith Liwm austHmm. |{^. Juvavlteft thaler. 11. CmEl timcstoflA, 
12. Manotia beUi, I3r QtiEriiiUj *erirtu t4- Mt^alodjcni d. JEoae Of 

Jixtmnitft tkamamimsis, k, 7jm of Jirnmnim BrEchipod layer 

(Croy boda). d. Zofi# of TmpiUs e. Zone of AfeNdi^jr salimria. 
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Table 40 —^Tkias op Spiti 


(After Hayden, Mem, XXXVI, Pt, 1. and Diener. !hid,. Pt, 3) 


PisiBinn 

Xarde of beds 

DeacJ-iptjqn of Ijods 

Thick¬ 

ness 

FT. 

LIAS 

Kioto 

Massive LLmestnne and dolomite (with 
StephsHOGeras rermto/uw. J50 ll- below 
the top). 

L600 

* 



Limestone 

Aiassive limestone and dolomile (with ^ 

gfra MfgaliMiom fad^hmsu atul 

fh<‘rrAuirdiKfn himaiayrnM^ JOO to 400 ft^ 
above bow). 



a 

yuATtiile ^cTim 

While Sod broviTL quartzites wkb Jt^ey Umo^ 
s4to^e::l aOil bbek shales (with 
nuMMirnm}. 

IfXl 

^I!' 

< 


Monotiff shales 

_ 

Sandy and study Lmestone with bfown^wra- 
Ihorinjs alialcs and saiRlstoim (wilh .ifeuSP- 
iolinarm and Spirifinna grU^ha^ht), 

lOQ 

K 

if- 

vt 

\L 


Coral tiimestone 

Limestone^ (with Spiri/itrinft griesbathi, and 
coral ami crim^Jd n^maLnsb 

m 

A 

A 


J Livavitei la«ls 

' Brown-weothiii^in^ 4^101^ litHrSlonci and 
ianilatones. (with 

500 



Tropkes betJa 

^ Do^ornitio limestones {with ili^fdiaid/u/ieum). 
Shales and dark hm-oftonea with ammo^ 
nitc bed (Trapiiti mhifufTatUS] 400 ft. above 
base. 

30) 

fiOO 



Grey beds 

Grey shales and shaly limestones with a bi¬ 
valve bed JOO ft. aliovr hast, and an am¬ 
monite bed 50 ft- above base. iSpirifniKa 
shalskaleftiii and cyji*^i/bn«tJ). 

jOC 


! 

[ Halobia beds 

; Dirk Uptinten- limestone (with Halobia cf* 

1 rentrtld). »cd wuth JoanttUff lAanamemsi 

1 near l^se. 

140 


.H 

'E 

Liroe- 

stono^ 

1 H^ard dark Hmvatone (with DaamUa iif^iVd]. 

(50 


J 

Daonella. sknbH 

*• 

Black llmestorie, flhaJy limesiooe and sholv 
(with /oinfmz/i and r p1 . 

160 

5 1 
s 

H 


Upper Muacbtl- ^ 

MIk 1 

Cdnctetionori- limestone with shale bands 
{PiycAitM tugi/tF], 

20 

a ' 

a 

£ 

-a 

Lower SbliucliiGl- 
kalk 

Dark shales and ^rey Limestones (with 
KfyiffUitgiffS 5i'^mfirs praMada, 

Spirifmim itraekiyiJl 

6 


1 

p 

?^odular time- 
itone 

. 

1 Hard nodiiUr limestone with few fosmls. 

1 

60 



Bassl ^.iLiKhel- 
kolk 

Shaly limestone (with var^aHe//s fn>j- 

fcrtfAi). 

J 
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PIvuLong 

Nftine of beds 

1 Dwriptiad of 

Tiiicfc- 

FT. 

lA 

g 

s 

:3 

1 

5? 

^ . 
m 

1 

j Efedcuitroemui 
brds 

1 Licni^kine WLUi/'j^fc(4f4>J4i>N^b SiuJy 

. linlEataim ind rfulisa altenuitiiig (untimk- 
hferuiis) 

JimAitenn aod s)iaE« Jwith 
mo^siwiMi, FUmlnj^iigs 

1 and 

1 1 

24 

7 

MwliiJCeras 

*ofie 

Thln-bcdd^l hnlcstoEieji and fihat» with 
vm^aka and tilan- 

3 

Opbiceras zone 

Grey hmestane w£th and 

Ps^nd0mi>ttolii i^tsb^hi. 

' 

OtocerM zone 

ii 

Hmwn LLmestone with Oi&e^at 

1 

2 

PKRJd;iA.V 

1 

^’mduetui Shales 

Park vritft I’^rmian fosoits. j 

? 


Thii Upper THsis is seen as a thick scries of sTgillaccous rocks in the 
Zhob-Pishin region of BaiucIlisUn on the w^t and in the Arakan togion 
on the cast. The Triassic rock^ assnme the rcdrSatidstone facies in parts 
of Yuniian and Szechuan, bearing some resemblance to the Gondivana 
strata of the Same age. A marine facies is however to be seen in the areas 
bordering on the ‘ Red !i;i5in ' of China and in Tonkin in Indo-China, The 
Tethyan facies is dcAxtloped in the rndonesian Archipelago, particularly 
in Thijor Island from a^tiich excellent fo^l collections have been got. 
To the west ol tlie Himabt.'s. the Triassic rocks have been recognised in 
several places lietiveen them and the Alps. Indeed there h a remarkable 
similarity l>etvveen the calciireoiis Tibetan fades and the HaJIstatt marblcr 
facies in the luastem Alps not only in fauna but aisd in lithology^ 


SPITJ ; THE LTLANG SYST EM 

The most complete section of the Trias is exposed in the Spiti-Kumaonr 
belt of the Himala^^ north of its main axis where it forms inimense escarp- 
ments rising often to a height of 10,000 feet from the level of the adjoining 
valley’s* Beriving its name from the t}*pe section of Ulang in Spiti, the 
S 3 «tcm is seen to comprise black limestones uith shale Intertalatians and to 
attain a thickness of nearly 4.000 f«t. Jt is entirely marine in character 
and is fossilifeiroiis except in the topmost division which grades imper¬ 
ceptibly into the Lower Jurassic without any change tn lithology^ 

As in Europe, it is divisibk into three series, but the divisions are of 
very' unequal thickness. The Lower Trias is only 40 feel and the ^Middle 
400 feetp while the Upper Trias attains a thickness of J,500 feet. 
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The Himabyan Trias has been stiidt€<l m Spki, Joliar, Paiiikhanda 
and Byars. Superb sections are seen In the nei^ghbourhoud of Ukr^ and 
other places in Spiti and in the Bambanag and ShaLstial cliffs further east^ 
though, unfortunately, these ate diflknlt of access from the plains. Tabic 40 
gives details of the general section at Lilang, 

LOWER TRIAS 

The Lower Trias follows oonfonnabh^ on the Producius Sliak^ and 
consists of hmestemes and intercalated shafts. The basal 10 feel contain 
rich fosailiferous zones showing at least three distinct faunal assemblages, 
Oioaras^phk^fiiSf M^^koceras and Hidirnsir&tmia-Fiemiit^ii^ faunas. 
The chief fossils in thf^' zones are : 

Otoceriu FOEic ... ... OiiXtr&4 umoduwJL 0. cf. wpniflJtfiN. opkkifai JoAua- 

tala. PaudoiagiC^iiS dalattmm^. 

Ophk«Ta» tone ... Opkiciw^i^s NtkuMtafa, O, tibfticwrw, X^nodi^rus radium, 

gritshtKhi- 

zone MPretA*!. M, m^rkAami, 

M. Aipidifi^ spifUMit^ KoMiticki^fs 

ftJiydm, XtMadisiUf wadianir 

The three above-mentioned wnes are close together and separated 
from the Hedensiroentia brds by 1 to 4 feet of unfossiliferotis rock, Ike 
Hedenstroemia beds contsun some 50 species of oephalopcKis Including 
Hed^strofmia mojsisot*ksi, Sibiriks npiHm^is. PscudosagcufUi midtih- 
halunt, Xmodisa 4 ^ Jitvalis, Ftam^glks mhilks, Aspidiks mtdhimiiis, 
cf. Komnekiks gigankHS. 

These are followed by similar but unfe>ssUifeTOus beds having a thickness 
of about 24 feet, above which a fossiliferous bed occurs, containing 

Ps^tidtmofsoks htmuka and P. dccukus^, 

MIDDLE TRIAS 

The MuscKelkalk. —Within 2 lo 5 feel of tlie last mentioned bed, 
there is another horizxi^n wliich yielded grksbacht and /?r/5irt 

himaicii which are referable to the basal Afuschelkalkn It is foUovi^ed by 
hard, nodular limestone, about 60 feel thick, similar in lithological charac¬ 
ters and stratigraphical position to the Nit3 limestone of the Niti Fass in 
Kumaon, and contafumg only a few fossils. The over-lying beds, con¬ 
sisting of dark shales and limestones, constitute a typical Lower Muschelkalk 
horizon, with an ammonite-rich lower part and a brachiopod-rich upper 
part. They contain : 

Crpholopoda ... Ksyi£‘FliHgiiit iDurj^iU^) dkmri^ A4»™, 

Daimsiiim ra^ipii, \kmphyfiifit Ajm* AL fftfnfuiii. 

Sibiritis prahiad^r 

Brachiepodfi ... 5ptri/trtMit iHrfltAfyi, lihy)t£h>nelia dkiuri. 


t 
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PL^^TE XIV 

TRIASSIC FOSSILS I 



&r Platb XIV 

i. NaulUuS &f'dAn#4firrni4 (If3)' 2^ 3. 

(1/&S. 4. laraka (1/4}^ 5^ Op^iceras takuitfslfi (1/3). 

3auuhii^t ki¥Midy&nUi (1/3)- 3. tV^roiruHtit (1/S). B FlrmimgiUi rohiffa 

(1/4)- 9. Nfdittii¥0tmta murjiitovkst (|/6^. 10. Afpiditis mptrhui (J/12). 

12 
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The Upper Muschelkalic. -Thia consists of a concretionary limestone 
and contains a lai^^c number of ccphaJopods and a few brachiopods and 
mollusca. Amongst the fossils am : 


Ccw»ortj/rii cf. AUitUflia HorvffsAaUimstt. 


Brackiapoda 

Cephalopods 


Pfychiu$ mgiffr, Pr gtf^rdi^ tkuiiUri, C. 

tHnodoiui. C. mvaint^ C, (f/,) 

BfyrKhiUt kAanikoJ/i, Shtria iffttroftwib Bu^- 
kait£B rama, Oymnifi-B OFiht^ras 

rnsis^ Jpanitit^s cf. p/psuuj, PrOarCiitH an. 


LADfNiC STAGE 


DaoneLla Shales. —The Upper Muschelkalk bed shows a gradual 
passage to the Ladinic stage^ there being no noticeable change in the 
stratigraphical unit ; that is to say, the Ladinic begins somewhonc in the 
middle of the concmGonaiy^ limestone. The lower part of the Ladinic is 
the Daonella Shales, about 160 feet thick, consisting of shaJy limestones 
and shales. The passage beds contain Spiri^era hHnica, Arpadtks cL 
lissiJtrfnsis, Frotrachyc^riXS spiUcRs^, Rimktmks miieims, Ptyahiks g^rardi 
Jcaniiiks kos^maii, J, prCHtvus, ProaFc^stcs cf. baift^uri, etc. Many of the 
fossils are common to both the Upper ^Iiischelkalk and the DaoneJla Shales. 

The Daonclfa Shales enclose a typical LadJuic fauna amongst which 
may be mentioned : Daon^Ua /omwwf/t, D. tHdica, Spifig&ra huaica, Httuga- 
riUs pradoi, RimkitnUrS ndi^tisis^ protrachyi^eras spUimsif Finac(Kcms sp., 
PiychiUs gftardi, Joantui^s cf, pr&avui, ProamsU^ aff. bfomanUi. 

Dnonella Llmestone^—The DaoneUa Shales are overlaid by a mass 
of homogeneous spUntery limestone. 280 feet thick, but this is divided into 
two stages by a band of black limestone with shale intercalations iti the 
middle. The portion {160 feetj below this dark band contains Daon^lia 
tHdiC 4 $ throughout, the lower part containing also Da&Hifila cf. lommdi. 
The portion containing D. is included in the Ladinic stage while 

that above is assigned to the Camic stage. Hence, on palaeontological 
grounds* the line of division between the Sliddle and Upper Trias pa^es 
halfway through the DaoneUa Limestone. The DaoneUa Limestone contains, 
besides species of Daon^Iia, the oephalopods niiitmiSr Jt}^nnU€S 

kossamti, CfUiUs ihgonalit, M<mophyUiirs cL w^ng^nsh and the hrachiopod 
RhyneftomRa rimPin^nsh. 


n CtraiiiiSihituin^ It. Aspiditfi ifniijtMiii [Ijlf]. 13^ XtnodiicUi roJiaus 

f|f4). 14. HuttgarUfF middlrmitii i^{th IS- A'4tlArt?i^i bXaizhkri U/3}- 16- 

Crypoctras vihianMm 17- /.teyfilfj Ww/rfiTfwiifJi {1/3J. Ctraiiits {H^ian- 

diifi) ttjpfi (|/4h 19; SibiHtff prakioda {If3). 20. CywyifeJ (1/4^ 21 

GymMiUf {Bttddkaii^fs^ rama (1/4). 22- Piyckdfi girardi (1/41- ^ Piyehiirs rugi/^ 

tl/6). 24. LotiiM 
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UPPER TRIAS : CATtNIC STAGE 

Tlie Upper Trias, which attains a huge tbickuess, is divisibk into two 
main divisions, the lower mainly shaly and the higher mainly calcareous. 
They correspond more or less with the kunislic division as in the case 
of the A\[rs where a lower {Camk) stage is distinct from an upper (None) 
stage. The Camic stage in Spiti comprises the beds up^^ards from the 
upper part of the Daonclla Limestone to the base of the juvavites beds. 

HalobLa Limestone. —The dark limestone bed jnst above the Daonella 
Limestone is the zone of J&anmks fhanamtrtsts. The limestone overKing 
this is the Halobia Limestone characterised by Halohi^ cL comaia which is 
a tj^j^cal European fossil of the Jtilic substage of the Camie, 

Grey Shates. —The Halobia Limestone is avcrlain by the Grey Shales 
which have a thickness of 300 feet and consist of shales with intercalations 
of shaly limestone, 'they show' fossil horizons a little above the base and 
again at 300 feel above the base. The lower horizon contains Trachyctras 
aff, Jcunnii^s cf. cymbi/^rmis^ M^Mophyl/iti^s d. simony etc. The 

upper horizon yielded only one tll-preserv^ed ammonoid {PanxlropH^s spj 
and several brachkpods and biv^alves : 

6rachk>nods ... ... Rhyn^j>wrUa iatteama, R. kimaita, Sptrifiriita lAo/- 

skaianiis. S. Difiamta 

jultium. 

Bivalve -li-a +ap LHangina iniy4rmi, Uma *p, 

Tropites Beds- '-The Grey Shales are overlaid by the Tropites Beds, 
the lower 600 feet of which arc calcareous shales w-ith limestone mlcr- 
calations. Ath>nt 400 feet above the base of these there is a nodular lime¬ 
stone containing a rich, but badly preserved, cephalopod fauna which 
includes TropiUs cf. sMbhuIlaius, T. discobidlafas, CiydonatMus acuiihhalus^ 
Joviies sp€ciahths, Sa»dIiHgii£s aff, myrh. ct gayiani^ 

The upper part of the Tropites Beds arc dolomitiC limestones, with a 
thickness of 300 feet also containing Camic fossils^Djriajjwifl juikmn, 
Spkifrriim aff, shaiskalrNsis * Lima cf. uus/rmrif, Hikabia superb^, 
Daon^rJh aff, 

The Camic beds, w^hich end with this limestone, have a total thickness 
of 1 .600 feet. 


NORIC STAGE 

Juvavites Beds.—The Tropites beds anc followed conformably by 
brown-weathering limestone with shale and samistotie beds having a totaJ 
thickness of 500 feet. Their characteristic fossil is Jurm^iUs nnguiafas 
which is associated with others, such as— 
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PLATE XV 


TltlASSlC rOSSELS ll 



EXPLANAtlOil OF Ft ATE XV 


2i. ProarresitM biilfauti (1/4). 2*. OtfMdiirtA Mama (1/4). 17, cf. 

rampamU* (1/3). 2B, AtonopMyttHti coa/iun i!t/3j. 79. HfSeriUt procyan (1/4). 

30- fmtmantai (1/3). 3J. Clitmittf woodmadi (1/3). 32, BiU- 

Manlri kxndti (1/3). 33- Pinacacrtai p«rma (l/J). 34. ryatii (2/3). 35. 

BambanagHtC dientri (1/3). 36, Joannitts cyntbijormit (1/4). 3?. Jxtvaaiiii anguistUf 

(1/3). 38. SinniUi tUsam (1/3). 39. milasii (J/^. 46. MatgariUic. 
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Jmaviltt *fl. tkrliM, Anatfmnitfi arf. miUkiotii, TibtUttf cl. ryftlfi. Pinstocermi 
ilH. Mtlatcmtitt footei, Diilmarilti Wifiirmis, Alratlitti cf.’ edvralarSi. Pgrc~ 

nfliiltius artfMi/crittii : 

Bivalws ,,, Utm Cf. sffFraiic&sia^ a (I. moMiUfiti,, 

aff. /ascifirae. 

Coral Limestone. —The b:tse of the overlying stage, the Coral Lfme- 
stone, is a caJeemus sandstone with plant remains. The Conil Limestone, 
which is 100 feet thick, abounds in crinoidal and coral refnaitis and con tains 
two brachiopods Spirifirifui griish^M and Rhynchondla hiimhaftagefisis. 

Monotls Shales. —Above the ComJ Limestone are shajy limestones# 
black limestones, flaggy sandstones and sandy shales, which nttafn a 
thickn^LS of 300 feet, Thrtr sandy shaJes and sandstones c^spectally contain 
abundant fossils, which includcn^ 

Btv^lvra M&¥U}4h iitliimHs, Lima cf, a(t. 

mottili/0r&t P. miirgaFiHcf>Sia$Uit. Flrurorwya 

Brachiopods ... Sfiin/trima grifthacMi. Auia^hyrh 

JokattM.fh, RkywchoHflla hirmimaagfrtsh. 

Quartzile Series, —Immediately above the Bilonotis Shales are white 
and browTi ijuartzites, 300 feet thick, which form a conspicixoiis horizon 
visible from a distance. Most of its fossiL^ are also found in the Monotls 
Shales, but Sptrig^ra maniii^tisis is restricted to it. 

Me^alodon Limestone (^Kioto Limestone),— fhe topmost beds 
of the Tria^asic sci|lienee are thick massive limcstoni^ and dolomites w'hich 
Griesbach originally included in his Rhaetic s^^lcni. Their total thickness 
is of the order of 2,500 feet and they bear a striking resemblance to the 
Dochsteinkalk of the Alpine rq^ion both in lithology and straligraphJcal 
position. They have a uniform appearance throughout their thicknes 
and are for the most part unfossiliferous. Fossils have Iscen found bet wee i 
200 and 500 fwt from the base, amongst which are— 

Emioliufn cL nthd^miaHm^ p££tFn fhobf^ng^itsiM, Lima 
rVNidUJiPr^ ; Spitigfta Spirifftiita ct ktsuffL 

Near Hansi, large numbers of Mega£&ii4>n tadukhmns and Dkeracar- 
dium him^dayensc are seen in the limestone about 50 feet above the Quartzite 
Series. This w^as caLletl the Pam Limj^sion^ by F. Stoliczka and inferred 
to the Khactic. The fossil assemblage how^ever show’s the limestone to be 
Norid, 

The Mcgalodon Limestone, to which Hayden has advocated tlie use 
of the name Kioto Limestone, Is overlain by the Sptit Shaia of Collovian 

gwgi HIM 41. Tropiifi 42 SaM^tingjifi otibasvs (1/6), 41. 

Nflirtiftf cL geMkutaio f2/l). 44. JfUimeAiUi (1/3) (eonSnnl lo Trapitea 

linv^UhFV^ tK4a). 45 mFlfogti (j/l]|. 46 m^ymikw kitat 47. 

/Q'aTraAJ (1/3). 4S. Carwikt fioridui (1/4). 4% Pfaciift p^tydatiyiaf {M4) 

(atun«ttcal]y the nwrt abundiuit fauil in the TrepUn limffitoiif! bed)! 50. j6Vtki 
daci/ormU ( t /4), SL rmpiUHi ( E ,i'5}. 
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aec. Near Giumal, the MegaJodon Limestoiic j-ielded the typical Middle 
furassic fossil Slephaitoceras eotattaium about 370 feet below the 
the Spili Shales. .4hout 1.000 feet further below (i.e„ below the 
HOCrt’di cofOfifllwBi zone) cf. oblusa was found which is probably 

Liassic in age. Diener has therefore come to the conclusion that, out ot 
a total thickness of 2,550 feet for the Megalodon Limestone, the lower 
goo feet may be assumed to be Upper Triassic and the rest Jurassic. 1 letm 
and Gansser state that only a small part of the Kioto Umestone is of 
Lower Liassic age and that it is followed, a/ter a Arvat m dfflositufn. by 
a ferruginousooUte bed containing Callovian fossils. (Sec p. 366). 


PAINKHANDA (KL'MAON) 

Excellent sections of the Trias are exposed in the Bambanag and 
Shalshal cliffs in the north-westem mrt of Kfflll^n- Table 41 shovi^ 
the general succession obsen^cd. The Paiiikhanda section, though 
semblitig that of Spiti, has some peculiarities. lu particular, the Ladinic 
stage divindlcs down to insignificance and the Upper Trias is much less 
thick. 

The lowest three beds of the Trias contain the O/offfas-OfiiiCiras 
fauna in which, besides species of these, there are Ephagecira% 

Hunearitfi sp.. Mtekoerras AtN^ioMi, Xetioiiicits Aima/ay'dHwr. 
top of the lowest zone contains also abundant Psrwdowewofis griafmht. 
Dark shales having a thickness of 18 feet intervene lietwcen the Ophice^ 
beds and the Meekoccras beds, which are succeeded by 5 feet of uufo^U- 
ferous grey limestones and these again by the Hedenstroemia beds w 
contain iHtmingita rohilla, Xetxodisctti nivalis and Psr««ff>«iOffi)fJs /iFWMJca. 

The Mmchtlkalk begins with a 3-foot limestone zone containing 
Rhynchetnena gritshachi and SiUrHes praklada. The nodular limestone 
of Spiti is represented here by the Niti limestone hanng a thickn^ oI 
60 feet. The strttekeyi beds with Kmrrftngj7« dienert, Mom- 

hhylliUs Aarrt and Ddmt^ites ropini overlie the Niti limestone. They are 
followed by the Upper Muschelkalk Umestone (Ptychites beds) enclo^ 
a % erv rich cephalopod fauna the important species in it being t 
TwVi, W, ratana, CeratiUs tkitiUeri, C. Mnixbsus, Brynchiifs khaififtop. 
BiiJdhaiUs ramn, Gy jollyanns, C. ituMUfascna, PfyrAdrs I'wgr/cr, 

P, grrardi. 

The Ladinic stage is all but absent, being represented by 20 fwf of 
thin beddcrl limestones containing a few fossils, most of which are the same 
as those occurring in the overlying beds. It b only the presence of joanmtes 
cf. y>roai'Us that Indicate the presence of the Ladiaic. The charactenstic 
fossil of tills stage, DaonW/tf cL /owiwrf*, is not found in Painkhanda. 
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Table 41—Triassic section in Pain kh and a 



Lias 

] Megaknltiii Limmtdde (in part) 

1 FILET-- 

].50{J? 


^ U|ipc!r 

J^ifaestnne (in partj 

300 


Middle 

j ScriM witll 

. 250 



' Sogeritp or AiHxktatapliQril Bcda : Drown lirontonrs 

, with ^4Afal9;k^/^drlf| .ph 

m 

1 1 


1 Earthy limestone witli SptHftmH 0 mishfliki 
j tSrhwn Entn cidcanotia 

m 

1 

Lawcf 

1 HalOfitcA Beds ; Mojaivc gfiey hmcstniM with humerotit 
ctpi^lMda, spreiaUy Hal^Un ftroirffin ini] ftfier 
*P«"™ — ... ... .. 

200 

1 


! .VoduUr »Bd slaty limcstoM with /Vw/yJojtrtMiiVHi 
gniibacMi 

r 

1 100 

Camif 

’ Beds : Blaclc flaggy lijne^tunjcs, ahakir. 

earthy grey lirtifGstDfies and dolomiitei posgino tip into 

1 micaewus Khaleii : with cf, repmfifl 

800 



1 Traiimatocritiii* BmIb : ^ack flaggy limatoneS with 

1 Mhalv partingSp with Twaamfffacrjmu^t and 

*■■ + + '■ + + i p + i. 

io 

Ladlnic 

1 Btda [stuiiilial^ Thin lleddied iXr^retiaiiiiiy 

! LimEstone with iad'trn, AtfN-irs 

ZO 



Upper MuKhi-lkalk Umr^tona with Piyckiiei rngt/tr 

20 

S^UKhrlkalk 

w's^iVf/iTiM stfflpktyi beds with Kij^MPUngiU^ ffiVaan 

J 



Niti LimeStfifle—Hard nr>duJaT limcstofia 

60 



Shaly lim»icine with RhytfihQnfi^M and 

Hioirit^i prakiadu „/ 

J 



>fedrn«ttoemia Dcda I Thin heddnJ grey UmestotH 
mth ahaJc parting»^ with Fiinmngjifi mkilta and 
P^MdoHKmofii AijHdied near the top 

75 



^rey limeatonew—£« diitermlnaide fcwaila ... 

5 

Lower Trias 

Meekoceru Bed—Z>ark concretionary limestOTlfi with 
Af^Acv^dj i-ara^d and At, mmAkami 

, 



Bark blue il^alcs—Unhwlircrons ... 

IS 



iMrk litocstunt with Olotriai KwmfuMrdi acd Opkittnu 

1 



Bark hard cUy with concretkmi cantaining Bphagr^ 
wt(M dafai'/diHa# and Piycknifr ... 

\i 


1 

Bark Idnc llmeiftone with Otoferas wondmaw 4 t and * 
OpkUtnt iokimfo^m 

1 

l^rmiaji 1 

Produrtua Sbalci 
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Blvaivea 

Brftcliiopodi 

CcpIlAlcapods 


The beds above them are the Trau^ocrin^ 
inSc the Julie hoLn of the Camic stage. The fossd fauna mdudes . 

... SpiTiitfn huttica. HtUin afi. Isdina, Aulacmhyni 
Milangeniii. RltyiKkonilla timMintHiit. 

PrritlydonAi^iiH^ Ct. ‘T™'-- 

. J, CrypMtr^ 

itiptii»octphi:uf. Anatoaiiift sp.. CdrmJ^s Cf- 
floridas. Simkmitti miimtit. Atpmliiti rimfitneHitt, 
D.Wrtwn^rt ef. Tr^y'ctr^ aujO-.-ieM*". 

Sirrnifii 

CHvrhiug the crinoidal beds aro a thick series of dark 

^d sUy limestones u hich constitute the H^obh beds. They 

to 800 fiet thick and contain fossils throughout and especially m the lo«er 

part : 


BrachiopwiA 

LameBibri^orcIi^ 

OphiJa|]^5 


Spirifirino ihaiiialensU, Rtf da tckiL'agtri. RhyM- 
£hoii^Ua htUfomt. 

^ cf- f 4 ?»fffM ffif 

tayius aff. daci. .4 BdlOBnV« tum^rtw^* Ptip'r, /wt'ITFi'W 

tvsyms. IUftnphylliU^ #*«" : also 
Tibititri. Atattepkymies, PrtMTUfies. etc., prluco 
could not he {IctEnrtlned apocifically 1 kMU 59 
ei the poor Htatc of prwefVitjna, 

The lowest beds of the Noric stage arc nodular and shaly 

thick, eontainitig ProfJytfoiJa«/tiMs griesbacht. Ptnacocems afl. unpe 

MelAcamites sp„ dKe#tcs,S<ig«iif«i Jtwaviks. etc. 

The Halobta Beds arc succeeded by the Hahriles Bids, consisimg of 
dark shales with limestone bands. The fossiliferous Halotttns ^ 

20 to 30 feet above the base, is a rich cephalopod on*Qn con . 
numerous fossils of which mention may be made of— 

ParatiMilis btwttauJi. iftliMtt alalanla, ifcsjdmi. Cirt . 

PV«:ii« w*pfPi(«to : 9 l» a few btMhKipods and lamelUtoncM (wiu ^ 

Rhyntkowlk bamban^ttttsU. AKBdtinl0pk0fa grUtbmkL Uma sttfclittafa an 

ct tomaia. 

The Halorites Beds pass upwards into earthy 
often clolomitic or micaceous, having a thickness of over 300 w _ 

contain abundant .S^in/pfn'nff gritsbaefiK atid also Sfnrtgera dicnen. . 
ikvris pharmiis and Rettia sekwagtri, and the bivalves Lima _ 

and Pecteif iBlcrfU^us. .Above them are the beds containing e m 
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0$tC»® 



n* Til 


ifvyvv,.* KAi^ Kf\/\J\, 

iQxiQim 



Ul 

KAj?- , 

^n-A^Attov or Puiri XVI 


51 Ps*vd4>moito(it grirjtfiuki {1/5). 55. PfcMfi f2/3), 54, U»™W# 

iommrli (1/5). 55. i^i™ilfl iWm U/4). 56. Xjhia wmfiKflrfd fI/5), 37. 
dOH Iad^Jk*Hiu (1/B[)* 5Sr Ha^im comaia (1/3)^ 59. Aned^miopkwM ^nbAtki 

(1/3)* 60. M^hf>rvt cf. fI/4), 61. Ml^mcktyntiia Irimodoti (2/3)- 62. 

pkifria middi*mmi (I/J}p 6h Spinfrntm itrOihpyi (1/2). 64« lUkymM^rnttim griMSbMpM 
{2/3). 65. Rifiia kimsics (2/3), fifi. Sptfi^m kitni£m (2/3). 67* rint- 

Ajjvh^^ (2/3)p 6lF- ZJfuimTma jsdi£tim {1/1). 
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t6f>kor<i gntshacht in which a specimen of was discovcrwl. Thcyr 

are liver-coloured or brown limestones having a thickness of about 150 feet. 
They are overlain by the QuatUiU Series similar in constitution to that 
of Spiti and containing Spirigera waiuVnsis and S. dietieri. The topmost 
beds arc, as in Spiti, the Megaiodor Limestones which here have a thickness 
of L800 to 2.m feet of which perhaps 500 to 600 feet may be of Upper 
Triadic (Upper None} age and the rest Lower Jurassic. 


Table 42—Trsas of Bvass 



MegiUndan {in part) 

FIVT 

^-toa 

>iQrH: 

Grey timeatOFW* with at the top, wntaiolnigj 

iindctcrtnioAblc atniruinitw 

1,000 


Blauk hIielIbs wilh Arcfsifs 

Camk: 

Trcpitca limwten? very tith 'm fossib 

J 


1 lusht fftev UniBstDiiw, !ln^^JS 34 l^^ptt^us 

170 

? Ld^iinbc 1 

i 

t>0, Cflphflkipod h«l with 

Us lAMiWtm, Bu44hfliUs 

m 

! 

etc, ^ ' 

MaichclkAlk 

Uo, Bmehiopod bed with Spiwi- 

/frittfl stratk^yi and 

10 

r 

chonrBa 1 

1 

t>Q, ibainly unfossiliftWBJi | 

70 

Lowirr Trias ' 

i 

MfiimgfT l£lis ^2 tiearj 


Giocolate limeGtonc J top | 

-with SOPIjc shaJes | Af^tkofrrAi and O/arflW fan lUj 

150 

‘ 1 

[ near bottoni 1 

1 

FsprmUc | 

Ptodttctiis Shalta ; 

j 


IJYANS 

Tlw Triassic succession in Byatis in Ktimaon. close to 

the Nepal border, is less developed than in, the western areas and the 
facies is also generally different, limratoncs predominating to a very large 
extent. 


Tb® fnJTrtwirtg fossila art from llie Salt ^ 

m. SUphaniff, tuptrbui TO. drfraeWfwrfM tcrornU^m (t/4). 71 ■ 

Ceratius (1(4}, T2. C*IHI*S amwlur (1/4}, TJ. mnariUi (Iffl. 

74. SiHhUt tkidtunaif (t(J), 7S. G«tw4M™s iy'pm (1/2}- 76. fodnt!^ 

(1/6), 77, FUmingitts (1/12}. 78. ProptychUn (!(«■ 

79. AmUMdiftitsilli), 00, Clypitti Ungiamus UH). SI, AtpiAHti sup*fbvs iMiti- 
03. Krtiipiic lent (1/4). 83. vetutut (t/J). 84- ifttkcftras vnniM 

U/6). 85- Priinwlubtis r<}iuxdatiu (1/4). 86, GyremtU frtquems (1/3). S7. LtcMltf* 

gansttUiu (1/3). 
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The Lower Trias of Byans is CDnipo5E?d of chocolate coloured liniestono 
with shales in the lower part. The basoJ portion contains OiG^dras and 
M^£koc^as f^tina, w^hile the bed of Spiti is here represented 

by the SibiriUs Apinigtr xone. The Muschelkalk is a Light grey limestone 
without any shnleSp contrasting strongly with the shaly facies elsewhere* 
It con tains a brachlopod bed 70 feet above the base and a cephalopod bc<l a 
little above it. The Latter contains, besides some familiar cephalopods 
such as thtulien^ Btiddhaiiss rama, GymntUs and Piychiiex 

sahadrva, also species not known elsewiierc, Smilhaceiras drummondi^ 
BukoTi^skiirs c;o/r/fif, Pinac^c^ras loomisn and Philippif^ jultnkani^s. The 
Ladinic is apparently absent. At the top of the limestone, a 3doot stone 
constitutes the Tropites Kone which is e^i^tnioridinaiily rich in fossils re* 
presenting a miiig] ing of CamJc and Koric tji^pes. This mixtuie is apparently 



Fig, 9— Sicnon N. W. op KALJiPAm, Brxtfs 
(APtu a. WH KUATWt. M t!T Diiqise, 36, Ft, 3) 

1. \Vhitv ^txartale. L Prcdiictiu dukks. 3. ChocelAte liiueiton^ {L. TriiA), 
4. Orcy linlrstoiiE Luidinic niad CiimSc stageii). S. Tropites limefttotre. 

6. BUck 9halcf wiiih 7. Grvy liiiKatone. g. Sh a k-* wiiU ammuiuftHik 

9. kTegaiodem limcstotlfr. 

due to the faunal lemams accumubting more rapidly than the sediments 
at the sea bottoio. The Nork is, however, well represented by a series 
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iii thick shales and limestones overlaid by liitiestones of the Dachsteinkalk 
type iU, Megalodon Limestone). The shaly beds and associated limestones 
are about LOOO feet thick and fossils found In them are all cruslied and 
undeterminable, even generically. The Megaiodon limestone is 1,500 
feel thick, and as usual includes the Lower Jurassic. 

Some 150 species of cephalopods have been identified from the Tropit*^ 
Limestone besides which there are several which are not specifically deter¬ 
minable. T went birds of the species are peculiar to this region while the 
rest are identical w^ith species of the Hsillstatt marble of the Alps. The 
fauna of the Tropites Limestone includes ihe following :— 

Lamellitimnchs ... C f . H. cf. .4 trltula afL 

CcptidopodA ... Airmiii^s cf. MtHptKus^ QwthiM^as* ct 

PraclydtHutuiiim gnish^kiforniit^ Pinaemras 

P. PlacUpt var. 

tPlafiites heiilg fiumertcally th* most AbEiTVfanl 
fossil), Pamifawa^iii-s Camifri cf. poridu^^ 

jrtrMi, Difi^tphyliUti 

dtetras, Pr^rt^sffs cL fayrdMt, cf, elfi^ficUS^ 

HeliaiUs cf. gsnieuiaiui, ThiiWt^ m/Uagri^ 
jHlinikitit Awpadiiff toJiYo, DiltmariifJ 

rawdilSOttK DFrpa^if^J Kihi*£il/r/i\ cf. 

rydlii, ParalihriiifS ad^Ipki, HimdVOphs wdtsem, 

cf, cwtSarptf, SirrmUfS 

cL afgo^ituiacy S. DislUhiiFi 

I>. r-cMtin/twwif, EctoUiUM kollmdl, tsculiff^ jwiiYAiL 
HfiiotiUa off. yir4*cy<ttt, Jawffr spaffdsiiis, 
miUi spuwstis, Didymifts Iw/hj. DiS 4 ^ropifrM 
Afd/fli, Margdriici a^u(Ks^ Tropiitt nthhnUotMi^ 
T. cf. Aitaimpiitt etc- 

N QRTHERN KUMA QN 

Tlic Triassic is well Uevdoped in northern Kuinaon near the border 
of Tibet in Byans and further north-west, where it is seen as an almost 
continuous band for long distances. Heim and GauMer have suggested 
four TPaior divisions as follows 

4. Kioto LLmcstoviB 
J. Kuii Sbalfs 
2- Kalapatu linicatone 
1. ChCK^Utc SCTIM 

The Chocolate Series which is 30 to 50 metres thick, consists of 
elay-jronstone layers intercalated with shales, passing into a 3-mctre band 
of dark shale. It is generally covered hy debris, and w-hen c.'tposed* is 
seen to be made up of nodular lermginous Hmestone oontainjng imperfectly 
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preserved ammonites of the Ophiceras horizon {Opkic^ra^ d^issum, 
Mi^koceras hodgsom, Pt^udosagi^crras sp,, VishNiiHes cl frraUmbkii). The 
age of the Chocolate Series is Scythian. There is generalJy a sharp dis¬ 
continuity above this, but no disconformity. 

KaJapanI IJ meat one,— Above the Chocolate Series comes the KaiiMpani 
Limrstan^ which includes the Anisic, Ladtnic and Camk stages of the 
Alpine divisions. The thickness varies from 20 to 60 metres. The lower 
part of the limestone is characterised by rusty to orange-coleLired patches 
whkh strongly recalls the facies of Schiitkalk of the Swiss Alps. The 
upper part is a dark, ivcll-ljcdded limestone with, brachiopodes, corals and 
crinoid fragments. The top of this limestone, which is a gtey sandy lime¬ 
stone, 2 metn^ thick, is full of thick involute as well as thin sharp-edged 
ammonites. The Kalapani Limestone is a constant member iti the whole 
of the Triassic development of N, W, Nepal, Kumaon and Spiii regions* 
It often contains thin layers of broken up shells (lumacheUe) in the lower 
part which is Anisic, but none of the shells can be even genericaJly detcrintn- 
ed. The middle part of this sertes at Kalapani shows a hematitic la^.'er rich 
in ammonites of which FiychtUs, Gymmi^ and Jtipomks are important 
Anisic (Muschelkalk) genera. The upper part represents the Ladinic, 
Camic and None Stages^ and Diener found that faunas of the Carnic and 
Koric Stages were mixed in a thin horizon called the TroptUs Um€shn€, 
seen near Kalapani, Teragad, Nibal and Kiiti, From this limestone 155 
species of ammonites have been descritied, most of which are of Camic 
age and some of Xoricn No less than 49 species are identical with, or 
ver>' closely allied to, the species of the Noric Hallstatt limestone or the 
Haloritcs beds of the Alps {see under Byans)* The Tropites horizon 
strongly recalls the similar, thin, but exceeilitigly rich, ammonite bed of 
Timor island in Indonesia, which is a pink limestone barely 2 metres thick, 
composed n)OStIy of well preserved fossils^ This horizon in Timor wiis 
found in 1904 by Ilirschi and the fossils w'era dcscrib4h:l by J, Wanner and 
O. A. Weller, In both cases the stratigiaph ic condensation is exceedingly 
interesting, and it would appear that deposition consisted mainly of the 
dead animals which fell to the bottom with only a little other material 
which formed the scanty matrix around the fossits. At Tinkar Lijju in 
Nopal also, the sandy limestone horizon fonuing the top of the t^rpical 
blue dense Kalapani limestone yielded a very rich ammonite fauna mn- 
taining Ilaioriirs, AMniomties, Thisbiks, Sirmiks, Gymnttrs^ Arcesles, 
Pittacocj^ms, and many other genera and also Haltfbia. These indicate 
the Camic and Noric horizons, 

KutJ Sha*e.“The Kuti Shales which have a sharp boundary with 
the Kalapani Limestones, ate micaceous shales with calcareous tOO 
to 500 metres thick. In the Ja^^nti Pass area^ the upper part is charac- 
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tensed by weM betlded gr^y limestone, the whole series being more thaJi 
500 TTietrcs thick. There is genemliy □ passage Kosic ccmtalnifig s^tiarUite 
and oolite layers between this scries and the succeeding Kioto Limestone, 
as for example near Knti and Chidamu. Fossils am generally rare in the 
Kiiti Shales bnt an excellent collection has been obtained on I’inkar Lipn 
from the black shales and the intercalated calcareous flags. These included 
Htihrif^s cL proeym, hux[^yt\ sakMtiiaia, Cfioniifs u t^ifd- 

Proarcesies, DiscophythUs 
arn:l also and several gastropods, lEimcIlibranchs and brachio- 

pH>ds. M melts sitiiHurm is also found in the shales overlying the flags. 
Tlic whole, gnnip of fossils is of Noric age. This facies is ako of deep sea 
character. 

Kioto Liniesiono. — .\ftcr the passage zone comas the Kioto Limestone 
wtiich is also well developod in the belt extendbg from north-w^<st Nepal to 
Garhw^il, It is a dark blue, well bedded, limestone wdtb oolites in the lower 
part. Ripple marks are seen in the uppermost layers. Fossils are rather 
rare except for some bivalves^ The thickness in Kuti is about 200 metres 
but it increases to 600 metres in the Garhwal and to 800 metres in Spiti, 
A horizon about 1 50 metres below the top of these limestones is of importance 
as it Contains layers of lumachclle and impure band^ one of which is a 
light grey limestone 10 metres in thickness containing numerous Irregularly 
King spindles (which are 5 to 40 env lung and I to 2 cm. thick). Thk has 
been called the Horizon Probicmaliai by Heim and Gausser and little is 
knowTi about the mode of formation of the spindles. Above this conies 
a ione of iron pisolites w^bich definitely marks a discontinuity and which 
was overlooked by Criesbach. The Kioto Limestone is of upper Triassic 
and Rhactic age (Dachstcinba^k). Heim and Gansser emphasize the. 
fact that there is no gradual passage from the Upper Trias reaching into 
the Lias and Middle Juras, for the pisolite zone indicates a ba^ak about the 
end of the upper Triassk. The uppermost beds may be Lower Liassic. 

JOHAR—HUNDES 

Kiofiad fneica. — Tn the Kiogad and Amlang-La regions there ai^ 
rocks of txvo facies w'hich are different from the Tethys Himalayan facieSi 
They have been caUed the Kiogad facies and Chitichun facies by Heim 
and Gansser, In the Kiogad facies the Lower Trias is represented by 
earthy hmestones containing Meekoctras joharemc, Xcnodi$€3iS nivaiis 
and Hedensiroemia byaHsica^ resembling the Tethyan Himalayan fades 
to some extent. The Upper Trias is represented by the Kiogad Limestone 
which is very similar to the DachsteinkaJk of the Alps. It is 200 to JOO 
metres thick and is associated with basic Igneous rocks. It is a white^ 
dense, very finegrained crystalline marble but contains no fossils. This- 


THE TfCl.USIC SVSrjtH 


167 


Jill] 

is follo^vcd by reil and \ioict marls, Jimcslones and interbcdd«<l oolitic 
litne^toncs with flasher structure. The oolitic limestone layers contain 
well preservxii shells of Calfiim^Ila alpim and C, riiipika, which are of 
Portlandian age. These marls and limestones are succeeded by grey 
siliceous radiolarian limestone of Cretac€?oiis age, 

Chltlciiun facies^ —The exotic or Chttichim facies, which is charac¬ 
teristic of the exotic blocks, is different from both the Tetli>^ii and Kiogad 
facies. The Permian red limestones are overlain by red limestone con¬ 
taining Middle Tnassic Ceratites and Upper Tidassic (Camic) ammonites. 
The limcstont^ are of a deep sea facies and are extraordinarily like the 
red and white Hallstatt marble of the Alps both in lithology and fossil 
content. The Mi<ldle Trias was noticed near Chitichiin 1, containing 
Ctruiiks {Danui^its^ kmi^a, Sthrntis pandya, Afmitphyiiilcs coJi/mrij, 
X<tm$pis middlfmisst, etc,, w hich can be correlated faunistjcally with the 
5^i>r/errH£i sirachfyi herb of the Muschdkalk. The Camic stage is re¬ 
presented by the red marble blocks in Balchdhura and Sfalla Johar con¬ 
taining cras^siriains, Awsifs off. richih^/fnii, pFoarcf^rs 

Pina£ac€r&s aff. rrx, Tropitis cf, stMuiluias, Javavtta kraffii, Ti&eHks 
hhoien^s, etc,, w^hich show greater affinities to the Julie and TiivaJic stages 
of the Alpine Hallstatt marble than to the corresponding stages of Spiti, 
and ChdisdUs w hich occur in great numbers in these blocks are 
characteristic of the Hallstatt marble and rare in Spiti. The Upper Koric 
is represented by white or grey dolomitic limestone different in appearance 
from the Megalodon Limestone, and containing no fossils. The overlying 
Liassic has also a striking rcscinhlance to the ,4lpine facies, 

HA7.ARA 

The Infra-Trias of Hazara (of Permo-Carboniferous age) are immediately 
overlain by 100 feet of lavas of rhyolitic and fdsitic character which are 
the equivalents of llic Panjal Traps* The Triassics include thick, massive, 
grey limestones, up to 1,200 feet thick, containing fossils of Upper Tnassic 
age. It would apjjcar that the Lower and Middle Tiias are absent, being 
represented pattly by the vtilcanics. One of the best sections of the 
Mesor,oic rocks in Hazara is seen in Mount Sirban south of Attock, 

KASHM IR 

The Himalaj-aii Triassic belt extends into Kashmir and occurs bi the 
Sind and Lidar Valiev's, W'ardvran, Gnrais and Central Ladakh and also 
in nofth-^west Kashmir and Fir PanjaL In the Pir Panjal the Trias ocenrs 
as a long thin band extending from Kishtw-aron the east to Tosh Blaidan 
bc 3 't>nd the Jheliitn valley on the west. In north-western Kashmir only the 
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Upper Trias is seen. Good sections are observed in the Vihi district near 
Khunmu. Khrew and in the Gurj-ai ravine* The Kashmir Triassic beds 
arc easily accessible from the Kashmir valley, in contrast with the other 
Himalayan occurrences. 


Table 43—Trias of KAsiiuiit 


Upper 

(Ksi^riJ thousand ft.) 

Grey tn dafkj luassivic licaestA>EU! with qcEiiskiiial foagils- 
lAofttly fmgtoentary. 

Zone of SpinfmmA hnd S, ef. Arfiffri, 

Lamellibraiudi beds. 

1 

Middle ’ 

(q™ 900 Ft.) 

Ptj-ehitrt hotiMn : landy 4hfl!ea with calcarequ* layers- 
Cemtite beilA r* m m 

Rhymhimftla tritmodosi bed^ „ 

Gy^nites and Gcrttlte beda^Retl ond grey shtbby 
> limestone. 

Lower nodular UmeitQnei a£Vd 9b4ll£9 
{ntcrbcddE^ thin shales and iaody lirae- 

1 fitOflfS. 

Lower 

(ovtr 300 ft.) 

HunRjiritcsshAks fposition unueftaio). 

Meekoeeras^ bedd—'licne&tattcS and ihalos, 

OphiceraJ limestoM- 


lower TRIAS 

The Lower Trias is well represented in the Sind and Lidar valleys. 
Good sections have been studied near Phstanna and other places but tbe 
lowest befb arc much concealed by scree and vegetation. The horizons 
known in Spiti haw been found here, except the basal Otoccras zone. 
The Ophiccras zone contains : 

Opiittra$ O. plytkedes. JitnddiitMf kimahiymmai, X. eJ. 

EifftMuilW pr^ambha f PuuOdmotUitii grUlbmhh paMkdtidmtd, etc. 

A slightly younger fauna, of the Heddistroemia zone, is found in the 
Gury'al ravine. It ^ows ; 

fltmingiltt »p.. MeekoUfOi *6. jolinMeme. PtidMtUi gutymltnsis, Smrilti 
taikmiritm, Xdthmiritn blauMei. SlephamUs ra/vrto. HuMgariUf sp. 

The Lower Trias has a thickness of over 3«l feet and systematic 
excavations may reveal more fosstUferous zones. 

MIDDLE TRIAS 

Above the Hungarites zone there occurs a succession of thin bedded 
limestones with intercalated shale and sandstone layeis. The lower 200 feet 
consist of dark grey limestones with only occasional lamcitibranchs. They 
are overlain by alternating beds of thin limestones and shales and these 
again by 100 feet of grey, thin bedded sandy limestone containing a lamel- 
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libranch bed near its base. AboYc thi^ 13 a bed 200 ieet thick, of pale 
nodular sandy limestone with hard shale partings, containing cephaJopod 
horizons 20 feet and 80 feet respectively below the top. At the top of the 
last mentioned betls is a conspicuous horiicon of red and grey slabby 
limestones rich in Gymrniis and other fossils (Gymnites and Ccratites Beds)* 
TJicse have jielded : 

ik¥i4itri, H^UoMdifts mi/l, //. rairan0, Be^FKhtUf kkamk^fi, SibiriiF& 

prakiada, j^iyanui, Gr Acri?ckQrdk€ya^ tnilaFitnta^ Buddhaitii 

fama, Gwypoc^r^^ viManitm, aod Bome tanlenibfanchs. 

Twenty feet above the main GyifiuiVcs horiio/i is another foissililerokas 
bed of the same character, the inteni'ening beds being black shales. They 
aie followed by 400 to 600 feet of alternating limestones and shales. In 
the Kiirew section, the PiyefaUs horizon occurs about 530* feet above the 
<fymnitcs beds and contains the following : 

CmfitFi BuddAmtfi mtan, PiyckitFt uthudft^a, PfyrkUts ap. 

i\f0jsvaF(KFFii$ Grypoffrat vtAiamam ; My^^pk^ria, Lipvr«„ TVffrn, etc. 

These belong to the Upper Miischelkalk. 

UFFEH TRIAS 

The P^^'e/iiVes-bcaring beds pass gradually upwards into massive 
limestones. The hmellibranch bed and the zone of Spiri/irina gri^sbachi 
occur in the lowest parts of the Upper Trias and belong to the Catnio stage. 
The lamellibranch bed contains only one brathiopod, Didasff^^ 
but is rkh in iameJUbranchs, including :— 

MytipkirnA middUmissh ^fr cf. iiAdc^itnf, Chlnmyi middk- 

jnifjii, PsFvdmfittKoris sp., LintM c.L liibpvrKtata. 

The Spiri/mm simehtyi bed contains, besides that fossil, Spinfirina 
aff. iiiatfgf fjsjs, Af entz^ia mcnizeUi, Rhynchi>H<^iia triHodosi, ctCn 

The Upper Trias is well developed in the mountains of \4hi and 
Anantnag districts and in other plac<^ and forms CDnspicuous scarps. 
It lacks the Daonella and Halobia Beds which are developed in Spill* 
But further search may reveal the equivalents of these. The upper portion 
resembles the Megalodon tor Kioto) Limestone but has not yielded any 
Mcgalodon in the \'ihi district. Elsewhere in Kashmir it 15 knowm to 
•contain some coralSp crinoidai stems and bivalves* 

S IKKLM 

Tso Lhamo Series,—In the Lachi ridge* the calcareous sandstones 
containing Upper Permian fi^ils arc overlain by several hundred feet of 
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(]uart£ites and shales which may l>e of Triassic age, £ast of the Lachi 
hill there ara dark limestones and shales containing a rich hrachiopod and 
ammonite fauna of Triassit iige. They overlie 300 feet of gritty flags coi)^ 
taining plant remains. Simitar Bags associated v^ ith Jinsestoncs and shales 
occur M.N.E. of Paunhari peak (23JflO feel) which appear to be of Triassic 
age. They overlie shattered blue-grc).' limestones which may be the 
equivaJcntscif the Everest Limestone 69, p, J52, 1935). 

REVIEW OF THE WESTERN HIMALAYAN TRIAS 

The Triassic rocks of the different areas in the western Himalayas 
may convenieiitly be reviewed at this stage. 

The Lower Triassic is well represented in Kashmir, Spiti, Painkhanda 
and Byans. 11 is only 40 feet thick in Spiti and si ightly more in Painkhanda. 
Though it attains a thickness of over 300 feet in Kashmir, it does not seem 
to be richer in fossils, but this is partly because it has not bmrn investigated 
in detail. It is also quite thick in Byans (150 feet) and contains a new 
element in the fauna, ri'x., Sibintes. 

The Muschelkalk of Spiti falls into three divisions. The lower portion 
is a nodular Umestone with a brachiopod horizon [RMyKckjntUa griabtuhi} 
at the base 3 the middle one contains a fauna with Spirifentta strttchtyi 
and Kty$erli»gi(es (Durgaitei) etienen. The Upper Muschelkalk is extra* 
oidinartly rich in fossils and characterised by PtychiUs ri^ijtr. The same 
characters are more or less recognised in Kashmir where the strata thickeiL 
to 900 feet. In Painkhanda the Muscliclkalk is only a little over 100 feet 
thick, though the different zones are recognizable. In Byans it is a pure 
limestone facies but fannistically closely related to Spiti. 

There is a great v'aiiation in the Ladinic stage of the different areas. 
It is 300 feet thick in Spiti, dwindles down to about 20 feet in Painkhanda 
and is apparently absent or represented by unfbssiUferous limestone in 
Byans. Its equivalents in Kashmir should be looked for in the strata 
above the Ptychites beds. This marked difference continues also into the 
Camic stage. The Camic is 1,600 feet thick in Spiti, consisting of a lower 
Joannita horizon and an upper Trt^piies horizon. It attains only half 
that thickness in Painkhanda and much less in Byans where the Tropites 
horizon is extremely rich in fossils, but contains also some None elements. 
The huucllibranch beds and Spinjerina sfracAm beds of Kashmir represent 
the Camic stage. 

The None stage is dominantly cakaieons in all the areas except Byans- 
where it is ^uily and generally contains crushed fossils. In Kashmir 
the Noric seems to be practically unfossiliferous. The Upper Noric as 
well as Rhaetic is the Stegalodon Limestone (Kioto Limestone) which 
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attams laiEo thicknesses in all areas. It is thickest in Kashmir (sever all 
thousand f«l) and gradually bceomds thinner south-eastwards, beinfi 
2,500 feet in Spiti, 2.000 feet in Painkhanda and 1.500 feet m l^ynns. 

The correlation of the Triaasic formations of these areas is given in. 
Table 44. 


SALT RASGE 

Triassk rocks, known as CemliU Wi, are weii des^lop«l in 
Ranee on either side of the Indus. In the Cis-Indus portion, only the 
Uwtr Trias and the lower part of the Middle Trias arc observed w^ward, 
from Kathwai near Kundgbat. their total thickness being 150 to 200 feet, 
111 the Trans-Imlus region the Upper Trias is also seen, the thickness o 
the whole system being around 400 to 500 feet. 

It bas already been mentioned that the Chidru stage of the Upper 
Prodiictus beds becomes arenaceous at the top, A slight but distinct 
unconfomiity intervenes between the Permian and 1 rias : a conglomem^ 
marking the break in deposition is found near Siram-ki-dhok, and a marked 
change occurs in the fauna with the earliest Triassic rocks. Tabic 45 shows 
the Triassic succession found in the Salt Range. 

The basal bed of the Trias is the Louer Cerai^U LimUone w-hich is a 
hard thin-bcddcd light grey limestone containing nurnerous 
freaM^Ks, and which is the ctiuivalent of the Ophictras bwis of Split. The 
Horiaon is probably represented by the unfossiliferous sands, 
and clays which lie between this limestone and the Chid™ beds of Up|«r 
Productus Limestone. The Lower Ceratite Limestone is overiam bjr 
thick KTCVTSh eretm marly beds with limestone bands, called the CersltU 
containing abundant fossils. The marls constitute a very conspi¬ 
cuous and easily visible horiiton because of their colour, and weath^ 
Tomided outcrops. The Ceratite Sandstones which succeed them arc divided 
into an upper and a lower sandstone separated by a calc^us honwn- 
rich in StacheUa, a genus closely allied to The Upper Ceratite 

Sandstone is ehaiacteriscd by the presence of 

which can be correlated with the ¥itmi\vi\tts rohtUa ione of Pamkhanda. 
Above the Ceratite Sandstone is the Uf>per C»aiit4 LimeM composed 
of hard limestones and intercalated gray marls vnlh highly omamentrf 
Ceraiittt of the genera Sibintiy StephamUy etc. This corresponds to tha 
SibiHUs spiniger zone of Byans. 

The Ceratite beds are succeeded by the Bivdvt beds which ran^ irr 
composition from limestone to calcareous sandstone and contain abun^t 
bivalves but very few ammonoids. The uppermost member consists ol 
yellowish, somewhat brwdated or cavernous dolomites containing somci 
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obscure fossils, Tbe top of these is somet imes marked fay a thin limestone 
-with bivalves* 


Table 45.—Trias of the Salt Ka?cge 



SflJt Range 

Thick- - 

neu, 1 ftimaiaya 

F«t 1 

•Camk 

: Chnoidai dolomite 


? Holahia bed* 

Uiddk Tnaa 

Sanily timestooe^ witli bivi|j%'e9 

too 

P bedi and 

MnschetkaJIc 

t 

a 

< m 

I 

j 

i ^ 

a 

S . 

1 Upper Cemtite iimestane wilh 
A^pfumitei xHpffbus and Sibiwik* 
thidmtntUr 

m 

' Sibiri^tt tpinig^ oane 
IByan^) 

^ i,' 

e| " 

tS| 

: 

" Upper Ceratite Sanditotie 
witii Fkmingim 
gianus 

StachctlB beds with 5^ 
Jtp. acd FiJfmin- 
rdai'jr/uf, 

LD¥vt-r Ceratite Sandatone 
^ with C*fti£fs /dJ'fdjr. 

30 

1 

FitmimgiUs rokiHa Done 

Hedenitmemia hed% 

Orratite ^fafU with Prit;^^ 0 bm fo- 
iun^dius ^nd Proptyekiif f lamirtt- 
rianivj. 

2014 «0^ 

i 

1 

1 


Lower Ceratite Limestone with 
Cyroniifs fr*fWMs. 

UnfcffiEilifcToai iandi and clays. 

10 

Ophiterij ^ems 

i Otoceni lone 

Pernudn 

Chidm 1 

Upper Pkoduetus LJmrfltonQ 


Froductui Slialeai 


The succession varii^ in different phices as to detail i limestones vaiy^ 
to dolomite and sometimes there arc pisoUtic limestones with glauconitic 
matter. Sandstones and limestones may vary to marls. 

Fauna.—As mentionciLl already, fossils belonging to the Ceratite 
group of Ammonoids characterise the Ceratite beds. Some of the beds, 
and especially the bivalve bed. contain Lamenibranchs. The chief 
fossils of the different sufa-di visions are shown bdow': 


lUTwer Cerstjte 
Liiaffitoii? 


, Gyri^nitfs iVt^^oAuf ardtui. F.^phitmnts, 

Lec^rnii^S psiiogyw, vari4tm, Di^ani^t 

cuofn^M. 


Oratil« MarU *.i Propiy€kii€i iatEv^nci^nuj, rofuKdaluM, 

Dinariin wu'hmIwi, Kimimckiiat ovfiiis, ClppiUs 
iypi^t^ Kompiit Imi. 

l^i^r uwittdiifi ... CiMus Ctwaiii** mmmiiM, Gynmita ntiutm^ 

«C. «Wi04tr. 
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Stachelk Beds ... sp.. r^iatifs, F. rpltila, C^t*^ 

MttfrpUcaius, Aspidi^^s km^MUi- 

Upper Ofatite Samlstdne ..h F^mingiifs /Ifmmgi^Hvs^ F, c^fmprirfsus. Aspm^x^ 

mpcrbu^j^ CtUtits Ceratii** wynnfi. 

Upwr CramtiUs LimeataTic Sapknmi^s svptrbuR, 3. cwna, SibiwUtS 

S. Cflti$t‘k paH^SjM^ 

Primtii^x tMihfFcuiatmt Criii^s dim^phu^, Acr^ 
chQrdkftoi fwwarwM. 


HMARA 

The south-eastern parts of Hsu^am contain M<307^ic rocks. ExcellenL 
seetions of a sequence ranging from the Pcitno-Carboiiiferoiis to Locene 
are obseiA^c^i hi Mount Sirban south of Abbottabad : 

Miirrea Sandstones .«ir «* "■■ Otigocene 

Kiildana bedi (passage beds) 

Nummulitic Series (limcstonca and sM 
coal hori^as oear Imk, undcrlam 
latcrite} *.. ... ■■- 

Grey LirdEatane *4J 

GiuTiial SandstoEie 
Limestanc, orange cplaurcd 
SJiales (Spdti Shalcf) - -- 

Limjcstonra, grey^maraive 

Lai'as and Agglomeratca ri« +-II 

] nfra-Trias timcsldite 

Bdutder-^bed JIB d-i# 

Thfe Infra-Trias Limestones arc overlain by about 100 feel thickness- 
of rhyolitic and felsitic lavas and these by tbick-bedded grey limestojws- 
which vary in thickness from 500 to 1.200 feet. The Utter arc simiUr 
to the Kioto Limestones and contain Upper TrUssic fossils very closely 
related to those of Spiti. 


with 

thin 

.f. Ecncnv 
■ i. Up, Cretaceaua 
Cnetaccouft 

.^4 JuraJSic 
... Trias9iic 

Pknjal Trap 
Permian 

... Up. CarbcmifmuB 


ATTOCK district. PUNJAB 


Between Hazara and the Punjab Salt Range, and along the norlhent 
border of the Potwar plateau, lie the folded nocks of the Kala Chitta hills, 
the denuded anticlines of which expose a series of strata ranging in ag& 
Irom Upper Trias to Siwaliks, as shown bdow : 


Siwalik System ... 

Mwttw Seriet 
Kuroniiditic rocki 
GiuDlai Sanditonea, eU. 
Spiti Shoii^ 

Kicto Liiii«stope 


+4. PlioCEDCI 

... MkKme 

*,i EcCEtlE 

AJMaa 

„* Argovias—TitltDiiian 
+ 4 % Upper TrioA t» Lioi 


Attocic Slates ... 


... Pre-Cambriau to Cambriiuft 
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The Kioto Limestone of Spiti are represented by similar Limestones 
-which are grey or cream-eoloured and bmlude a few shaly bands. They 
are sparsely fossibferous and range in age from Upper Triassio to liassic 
as in Spiti. The Upper Triassic fossils foiirLd in them between Jhalar 
and Campbellporc include Rhynchon^Ila cf. hambawgeHsis, Ttr^braiula 
sp., Vfiaia rdfrifet, IJnm s^rraiicosia, Peden sp., etc, 

BALUCHISTAK 

The Upper Trias is represented in the Zhob and Pishin district of 
Baluchistan by a vast thickness, amountsto several thousand feet, of 
^greenish slaty shales with intercalations of thin black limestone. They 
•occupy an area 70 miles long [east to westj and some 1 2 miles broad They 
are fairly rich in fossils which include abundant ilfi?iii!itis saimarm and a few 
species of ammonaids of the genera DidymiUs and Rh^cQphylRUs. 

BURMA 

Triassic rocks arc found in the SIran States, Amherst dfitrict, the 
Arakan Yomas and possibly also in the Manipur hills. 

NoftTRERx Shan States 

Napeng Beds. —Wo find a hiatus in sedimentation between the 
Plateau Limestone and the Napeng beds of Rhactic age, there being a well 
marked unconfornuty between the two. The Napeng beds occur in a 
«ries of patches and consist of a variety of sediments—ychow shalt^, 
clay^. sandy marts, sandstones and limestones—deposited in very shallow 
and iiregtilar basins, Tlioy contain a fauna including the foliow^ing : 

Conli .« [iaiiriUA 

X,amembr4Tichs ... . P^oiHiuiio pbutanf, p«i^m Mmii, Pimna ct. hUm/Qrdt . 

^ ComwMrdium suptrslft, lyceili, Gifrmi^a 

iJ^aniofum. G. wugoia^ Avkulm Kimforlu^ *%ryftpkiri^ 
mapmgwit, Plie^Iula caHnaia. MifdiMa pugL 
Cardiia 

■Gutrepods -- TMrrMlA *p., PromAlkOdit ttWw. 

The fauna is of Bhactic age and of peculiar character, being composed 
maitily of lamellibranchs and recalbng the Eaurta of the Wetwln Shales. 
11 is r|uite distinct from the fauna of the Himalayas or of the Salt Range, 

.AMiTEnsT district 

Ramawkalu Llmcatone-— In the eastern part of ihe Amherst 
^listrict near the Siamese frontier, the Permo-CarLxmifcfous beds are 
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succeeded bsr the Kamawkala limestones which are referred to the TriassiCp 
probably the Noric age. The fauna includes Rhynchottftia bambanagensis,. 
CMamys aff. Trachycirm sp,. and Cfutraslraefi c6tUn. 

.'Vrakan Yoma asd NaGa Hh-LS 

Ttie oldest rocks exposed in the .^rakan Yotnas belong to the Axial 
System the lower part of which is referable to the Triassic. The rocks of 
this s>'Steni arc found in Prome and Thayetinyo districts, usually rnuch 
folded and disturbed. They consist of dark shales and sandstones with 
some limestones. The only fossils found in them arc Daoiiella hmnifli 
and specimens of Moimtis and /ft'iffda. These seem to indicate a Triassic. 
age. 

Further sotith in Minbu afid S'akokku districts, the equivalents of the 
Lower Asiials are the Chin Shales, Black slates, sandstones and iiiiartzites 
found in the Manipur State on tliie Assam liuttna border have also been 
referred to the Axials and may protwibly be partly of Triassic age, 

THE FAUNA OF THE TRIASSIC PERIOD 

During the Triassic period all the major groups of animals existetf 
es-ept birds and rnammals. Tlie important ciass of Arthro|>Qda, vt^,^ 
Trilobites. had disappeared during the Permian or at any rate in the- 
npbeaval before the dawn of the Mesowic era. 

The ammoiioi<ls, including the Cefotties, Gemiatiles and OrthetceesSr- 
constitute the most numerous and useful fossils of this s^'stem. The oldest 
Helt 7 »itite$ are also to be found here represented by the germs Atractites. 
fthynchimeth'dae and SpiriffriHae have also an extensive distribution, and irt 
addition some genera, and species of mollusca. I n the case of the ammonoids^ 
individual species are highly useful because of the very short range of 
their vertical distribution, Tlie species of brachto|)ods and moll uses 
have also pro\ed useful because some of them occur in enormous numtwrs 
in certain beds, e.g.t fihyitchoneita gnesbachi, Spin/ertna sirachyei, Spiri- 
ferina gtiesbaehi, Daemeita indica. DaaneUa cl. /wnmWi, Halobia cf, eomata 
and Monotis salinaria. 

The ammonuids, however, arc eminently suited for use as aonc fosals 
because of the richness of forms, their easily recognizable diffeHmccs in 
external characters, extensive and world-wide distribution in marine beds- 
and very limited distribution of species in range of time. The Trias of 
the Himala}>as and of the Salt Range carry exceptionally rich ammonoid 
faunas. The Ceratites are characteristics of the Trias—the Lower Tria* 
with primitive Ceratites, the Middle Trias with typical members and the: 
Upper Trias with specialised and ornamented rnemhers. 
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The Loviier Triassic ammofioids appear simple and monotonous in 
riippcanince in comparison with the variety seen in the Upper Permian. 
The simple-sutured but robust Lower Triassic types were able to ^^ithstand 
And survive the changes that took place at the end of the Permtan, whereas 
■the specialised Permian t>T>es died out* The primitive Cera tiles seem to 
have first appeared in Middle to Upper Permian times represented by such 
-forms as X^nodt&cus carbonamis^ O^fKtr^ which characterises the earliest 
Trias in India has a raised ear-like rim around the umbilicus and a ceratitic 
fiuture of the Ij^je rendered familiar by the common European ^!uschclkaLk 
•fossil Cera((t4^ Kod^iUS [ the saddles have a smooth rounded outline while 
the lobes are slightly denticulated and PfUfudos^ectras 

still retain tlw ceratitic outline of the suture, hut the lobes and saddles 
becoEne numerotis, thus foreshadowing the complex sutures of the Pina- 
.atc^raiidd^ of Middle and Upper Trias. Another geiiuSp 
which occurs in the Otoceras beds of the HimaJa^^ and the Stachclia beds 
<if Salt Range, is a relic of the Gewfa/i/e group, very closely allied to and 
^Jerived from the Permian M^dikottia. I-tirther up in the Lower Trias 
the beds are characterised by the large and spirally grooved CciatiEe of the 
genus 

The Muschelkalk is the age of the typical V^ralttes. whith begin to 
develop here along two lines : in one the shell gains strength by corruga¬ 
tions while the sutures remain simple ; in the other the shell remains 
smooth but g^iins strength by the ramifications of the sutural linos. The 
first group constitutes the typical of which large numbers are 

present both in the Himalayu and Kashmir, being somewhat cvolute forms 
with thick ril>s auci blunt knobs, fu Sihirit^s the sutures refiiaiu simple 
but the shells are highly sculptured. The smooth ^belled forms w ith 
sutures lending to complexity are represented by Gymnitrs and Ptyfkikf, 
the former a compressed fonu and the bitter rather globose. The genus 
Stiifia resembles Gymniki but has a spirally grooved shell. 

In the Upper Triassk beds, the C^ratiks reach their jecnith of develop¬ 
ment, and arc repretsonted by a number of Ifeautiful forms in the Himalayan 
strata. The two hnes of development continue here, the contrast beconimg 
stronger than in the Muschelkalk. The genus Arpadiks. some speciis of 
which arc of fairly large dimensions, resembles the typical Crraiiks but 
has a deep smooth furrow on the outer margin : in Ccrtiiites proper the 
periphery is cither rounded or raised into a keel. The genus Distuhikf 
h similar to A^pddiks but has somewhat simpler suture line. In tlie 
genera TiMiki ?tnd Sirrfitks, the shell is sculptured and invotule and 
-shows a tendency to become clypeiform in shape. In Tropiies the shell 
tenths to become globose but the whorls do not completely overbp riie 
nnibilical channel. The involution is much more pronounced m Maidril^ 
-and Jutavik^ in which the umbilkus is nearly or almost completely obb* 
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t^rated. Siuooth^helled fornis are less pnomiiKiit than the highly sculptured! 
ones in the Upper Trias, often tending to b™mc globose. The genei^ 
Lobitrs and DidymiUs combine a subdued sculpturing with oniy slightly 
serrated sutures which however have a large number of indectLons. 
Amongst the smooth clypciform amnionoids is Plii€ilc& [abundantly 
represented in the Tropites limestone of By am) which is distinguished 
by the multiplicity of au^dliary infiecdons. In Carmles and Fitu^oc^as 
the inflections are greatly multiplied by the splitting up oI the esitcmaJ 
saddle. The will known foims Pinacoc^ras parma and P. frs^Ucrnkki 
are amongst the ammanoids wliich exhibit the most complicated sutural 
lines* They are accotnpanied by Bambatt^igiUs which has a sculptured 
shell but has the same plan of suture though less cornpHcated. A true 
member of the Ammonite group is represented by Discophyiltt^ which is 
a precursor of the Phy4h€eratida^ which attains promineiKe in the Jurassic. 

The vsisi majority of the specialised Ceratites died out at the end o£ 
the Trias as ivas the case with the earlier aminonoids at the eml of the 
Permian. Only a few arnmonoids like the Phylloceiatids sur\4vcd the 
changes at I lie end of the Trias. 
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Distribution ntidi Fticj^s-' —Rocks hclongiii^ to tbs Jurassic Sv'stcffa 
are developed in the Indian r<^on in the Himalayas of Sptti, Kumaoii, 
NcpaL Kashniir, Hazara i in Baluchistan and Sdt Range r in CtitcV 
and Rajasthan ; in the Rajinahai hills j in the Ptiri district oX Orissa i 
in the Ellore, Ongole, Madras and Trichindpoly regions on the eastern 
coast. In liaiuchJstan and the outer border of the Iranian arc^ the rocks 
are mainly calcareous in this as weU as in the succeeding Cretaceous Sj-stem^ 
for which reason the region of their devdopinent is called the Calcareous 
ione. To the interior (north-west) of this lonc as well as in the Himnlayan 
area the rocks are dominantly shajy. The Tibetan faci^ of the [jas, 
which is seen Jn the exotic blocks of the Kiogarh region, consists of reddish 
earthy limestones which resemble rocks of the conesponding age in the 
Eastern .4lps, 

Unconformity and Marine Trauai^ression. —The geosynclinal 
region show^ a marked interruptioti of sedimentation commencing fron» 
the CaJJovian and lasting until tJie Oxfordian or later. This Callovian 
unconformity is widespread and recognised in many parts of the world, 

I n Spiti and northern Himalayas this Intcrmption ranges up to llae Oxfordian 
while in Baluchistan it extends to the Keocomian, In both cases the 
unconformity is marked by a bed of ferruginous laterite. In the coastal 
facies, on the other hand, the Lower Jurassic rocks are absent and the 
dcpositlofi begins later, assuming a marine characler in the Callovian and 
continuing on beyond the Jurassic times, ft is interesting to note that 
the Callovian is marked by a regT^on in the geosyncllnal area but by 
a transgression along parts of the coasts of the Peninsula. 

SPITI 

Spit I Shules. —The beds succeeding the Triassic Kioto Limestones 
are the Spiti Shales of Portlandian age. The type section b in Spiti but 
they are developed over a considerable length of the Himalayas from- 
beyond the Kanchenjunga in the east through Nepal and Kumaon into 
Haaara in the west. They arc generally 30 to 40 metres thkk consisting 
of micaceous shales with several Intercalated layers of sandstones each of 
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the latter being only a few ccntimelres tbick. In other plaCM, at 
Kuti and north oi Laptal, they may attain a thickness of several hundrad 
metics. Towards the top. the strata become marly and these pass into 
ercenish glauconitic sandstones (Giumal Sandstones) of Crctaceoiis age. 
Being soft, the shales are generally not well-exposed and are often hidd^ 
bv talus and soil. The only indication of their presence is often provided 
by ovoid concretions weatheied out of the shales after they have com¬ 
pletely disintegrated. Table 46 shows the Jurassic succession of Spiti. 



Table 46— Ji:rassic Succebsio?! 

IS SplTI 

'Spiti ShalM 

rUicJMMHtaaJ beds 
< ChUlamii beds 

B^'toinniteji gcraidi tMida 

Tithoniui 

J Bortlandiaa 

Beds 

^ BiACk ferraginous ooliU 

1 Dtvcaian 
f Callovian 


— — — uocotlfonnity " — “ 


Kioto 

LiftVKtone 

SUge 

\P^ra Stafee 

\ Rliaetic^Lils 

J Upper Triaa 


The upper part of the Kioto Limestone, which was called the Taglmg 
-stage by Diener, is considered by Heim and Gansser to be largely Triassic 
and possibly partly Lower Liassic. It contains, according to Diener, an 
important ^one fossil Sifphanocew eoroHofn« alwut 350 feet below the top 
of the limestone. At the top of the Kioto Limestone tlicrc is a break m 
deposition followed by a thin bed of black ferrugiTions oolite of Callovian 
aec which have been the Sukdcntus bids ^rtsltl the fact that the rm^l 

■ characteristic fossil in them is Bdtmnitts stttcacuius. They also contain 

■ other Callovian fossils like Macroeephalilet triiing$4tans, Doiiktphaltta 
ftuxvosia, Rein^ckeHa wnagcnt, etc. 

The Spiti Shales were originally considered to extend from the Oxfor¬ 
dian to the top of the Jurassic, but t he «rsrk of Heim and Gansser in Kumaon 
seems to show- that it is mainly Portlandian to Tithonian, for there is a 
stratigraphic break again at the top of the ferruginous oolite. Thi^' have 
been divided into three stages called respectively BelemntUs gtrardi fird*. 
Xhidam^ beds and Lochambat beds. They contain utimerous fossils, parti- 
.cularly ammonites, which are often found enclosed in nodules, th^ 
ammonites, called S(i/igrm«s, are brought doi™ by the Gandak and other 
rivers in Nepal and are considered sacred by Hindus. Some of the fossils 
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PLATE XVII 

JURASSIC FOSSILS I 



or PLat* XVll 


r. Ttrfbriitula punjAbumm {(/JJ. t Sphii^M*fkynf (J/J). J, 

MthyriM i»«oiM/u GTypk«$a h^i (l/JJ. J. Gw^mmiodo, (I/J). 

fl- btakwi 7, Trifomia fiiuti (l/JJ. g. T. eraim (1/1). 9, T- 

ftOcktMfiM (1/4). 10. T. irMiTicosa (1/3). II. .V<iirJ/t«.'Alfia lenuH/ormii (I/2J. 12^ 

M. kackkmii (^. 13, Siylina kackhtmtii (6). 14. tttftrMa pawi-a (4). |S- 

k<Ayi (2| t6 fhylhtam* iPlytkofikyUottria) fifyfkpifMm {IW- 
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t.vc a coati^ of pyrits »l.iab Si v“ ^ 

of the Spli Shalo haa tjcca dcsenfed in Pal. ^. 

1910-1914)* the more important spccit^ being given 

Pivf/otfHU Lyloarat rtSfiruw, ««0f0- 

cernf kaum, Oppfiia {SiTtbJitfs\ iraffli. 
atifilanoidts, spititerat sfiilitnti*. s. grain. Hitnt- 

layOti itidtti. AfJWftpJiKHl tnlasotiui. Hopltlti 
lh«naa«Mia) boistifri, MittroctpHaliln cf. vaya. 
Prriiphincus (PftrabtJJ.V^i) labinraHut. P. 
gata,phi»ab.) dta^plicalU^. i*- ^V) 
caspbiadtf] tpitiemsis. P. (4). lat^ualai. 

Aricula spHitaiit. AuctUtt ipilimidl. Lima nalaa- 
tkotica, Latvia ipilitniU. Ailartf AfnUtmJii. Cos- 
Hiornya tgrtgia, liarnamya librtiea. c;epii{iMyii «W*ii. 
otc. 

As already mentioned, these Spill Shales pass upwards into the Giumal 
Sandstones of Neocomian age. 
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Laptal Series.—This series U hnown only in North-west Kumaon 
from Kungri-Bingri to Laptal, but it may extend towards Spiti as the 
strata show unintemiptcd deposition from the Kioto limestone upwa^s 
Where the Laptal Series is absent, there is always a definite stratigiaphical 
break as in the Kuti Valley. It is 60 to 80 metres thick at Laptal and is 
characterised by several layers of tum^EhrlU (which was called shell hin^ 
stone bv Griesbach) containing small oysters. Trigotiia. PfcUn. Lima and 
some BelfmniUsa Though they do not contain ammonites m this region, 
Liassic ammonites ha%'e been found by Stobezka (orther to the north¬ 
west where they arc seen in several places—(r.g. StiaLshal and Bambanag 
hills) The section at ChLdaiun alwve the dense blue Kioto Limestone is 
as follows, the beds marked a to/ forming the Laptal Series :— 


17. Lyla^rttt tHrmUytocrraSl wx (IMS). 18- OpP'iio (r«xBr^ffwrr«J WVl.x« (1)4). 
kakrm (1)3). 21. {Prifoufoioutf,) «mir^saas (1)7). 22^ 

r^Ufta i’-P (1)6), 23- J”- /jaraiffWJ"" poaittotum » aag.} (!)»]- 

2^SlXbomntnas iMlrairphalitei] mo^pholaf (l)S). IS. Shpkaaottrat (Af-iyx.Wd 
taava (1)12). 26. Sitpkaailfttlis (EpimayaUit] poiypiiemat (1)112). 27. Slfptano^^ 

U^acepl>a!>t*t1 diadrmalaa, (1)6>, 28- SUpbaHOetrOS t^Kampiobiipkallln\ dimrfam {ll5) 
29- Strphiinoefras graalaaam {-PIcHrtKtplialiUs habyeasta) (1)3). » ^''^P 

r»iaa (^Orimwirfrj indititt} (1)3). 31. Prrispbiatin (V (1/4 ■ 

32. prrispkiatirs {Vitgotospkiatlrs] JrmstplisaiiU (I,'4). 33 Prrtipijntlrs {P^by- 

phinrM) balkvplccHt (1)6). 34 Pinspbiastf* (Alwnotnaa) (1)6). «■ 

Ptriipkiwrla IKatrolunas) M^nAtasis (l/S). 36, PtrUpbiatltS (Tontualispbrntltsi 

.tarqualHt (1)8). 37. Prriapbiacles {{ndospfiimiiti ialvai (1)8). 
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Spiti silkies 


L Bmvfn sanjy limcstaae And lumaflidk With And btvAlv« 9 ^ 

.-f™, etc, {5 m.J 
e. Weli-beddod hm^tdnc <J5 ffl.) 

fl. Brown lumBchiclk hmF 3 tDih« with atuJ THg^ima mA 

e. Dark niArl lEmealonc (5 m.) 

h. Impure? dense wElh thaly lai'ers (45 m.) 

a. y^bw and red spottnl limcalnne with lumachelb lnyw, und 

bivalves |I0 m.) 


Thin bedded iinieslon^ with some |;1jvBL|:l^e3. oolite ond mierobreccia recalbn^ 
ibe Alpinfi Ui:gdnian Taeleih ij^O m,} 

Dark bloET denie Lime^lond : upper part with a laver o| senooth bi^-alvs 
(l 2ato 

\Mierever the ^ries 15 ntk^ing. for instance lietween the KaM 

and GarbwaK, the upfjor beds of the Kioto Limestone sliow ripple marks 
indicating an interruptbn in deposilioji. At the top of the Laf>t 4 l series, 
there arr layers of shaly femiginous noliie, 3 to 4 metric thick on the whole 
interbedderl with thin bedded luricstone. In one of tht'se layers Efiemnifes 
an<i RfinrrkdUi were found. These arc sucei?edcd hy typical Spiti Shales, 
The thin shaly femiginoiis oolite bed is megascopically mistaken for a 
shale which, on careful examination with a magnifying lens, is seen (o 
consist of black ferrugiiious oolite grains* Ttiis zone of oolite appears 
to be w idely ckrelopcd in this region though its inic nature has been missed 
by previous olwierverSp ll is really the Sulc.'ictitus bed and has yielded the 
following fossils t^B^Icmnopsis caliottemis^ Mii^rocephdliie^ cl, 
DoHiiephalit^rs /Uxumits^ MeinrckeiU^ R. df^aviUti, BfntariRa cL 

bicostata, etc,, which indkate Callovian and Lower Diiesian age (including 
t he Anceps and Athleta stones), 

The femiginous oolite referred to abox’^c indicates that there are ty\m 
stratigraphicai discontinuities, one at its base and one at its top. The 
lower discontinuity is tietwecn a part of the Liassic and the Callovian* 
so that the whole of the Upper Liassic and Lower Dogger are missing. 
The upper discontinuity at the top of the ferruginous oolite corres|Xiiids 
to the time internal l>etween the CaJlovian and Portlandian, indkating 
the absence of the strata corresponding to ihe Oxfordian and Kimmeridgian. 
It will thus be seen that the Kioto Limestone does not continue into the 
iliddle Jumssk as was thought previously. Heim and Gansser state that 
these oolites correspond closely in nature and age to those found in the 
■Swiss Alps. As the beds above and below' are perfectly confoimabk, 
it is to Iw inferred that there was no uplift and denudation but merely 
a cessation of deposition as indicated abov^ and that the oolite may be 
■considered as a fairly deep sea deposit* 

n 
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In the region of the Niti Pass, about 150 miles east of Lilang, the 
general sequence is the same as in Spiti. The Kioto Limestone is about 
loOO feet thick ; it consisU of 1.300 feet of dolomitk limestone 
Baggv limestone layers, overlain sueccssiv'sly by 500 feet of thin-bedded 
limestone, 120 f«t of light grey flaggy limestone. 30 feet of dark oolitic 
limestone and finally 150 feet of grey calcareous sandstone constituting 
the Sulcacutus beds. Overlying this is a conglomerate denoting an un¬ 
conformity. followed by the Spiti Shales. 

In the Shalshal cliffs of north-western Kumaon, the Kioto Limestone 
is 2,000 feet thick and consists, at the base, of 5<W f«t of grey dolomite 
weathering to a brownish tinge and forming inaccessible clifis ; it is folioweel 
by 1.000 feet of dark dolomites with thin layers of bluisli black crinoidal 
limestone and oecasiona] shales ; then by 150 feet of massive dolomite 
and 350 feet of crinoidal limestones and shales. The Suleacutus beds 
at the top are only 20 feet thick and contain Bdmttites stthaf^ius, B. 
tibtticus. and species of Gm-illea. Cardtum, etc. At the top of this is a 
zone of ferruginous laterite indicating discontomiify and a period of sub- 
aerial weathering. The laterite is overlain by Spiti Shales. 

Further south-east, in Byans, near the Xejwi border, the Kioto 
Limestone is less massive and only about 1,200 feet thick, composed of 
250 feet of flaggy limestone with shaly bands, succeeded by 700 feet o 
shaly limestone and shales, then by 200 feet of massi%-e grey limestone 
and 30 feet of dark shales and finally by the Sulcamtus beds with a thin 
laterite bed'At the top. 


JOHAR—HUKDES 

The Chitichun facies is found in the exotic blocks. The Triassic 
rocks axe succeeded by Uassic limestones which are thinbedded nodnlar 
and earthy, containing intercalations of pink, grey, brick-red and hlao ‘ 
limestones and laj-ets of marb and shales. They are generally enclo^ 
in the volcanic rocks. They contain a fauna including species of 
Phytlotares. Bhacvphymttf, Schhthdmia, etc. Besides being the only ful 
succession of Liassic rocks found sq far in the Himalayas they veiy' close y 
resemble the Liassk limestone of Adneth |Adncthcrkalk) near bal^uig, 
and the Hallstalt marble of Austria, as is also the case with the Tibetan 
facies of the Triassic. 

MOUNT EVEREST KEGlOK AND TIBET 

The Jurassic rocks apparently continue eastwards through Nep^ to 
Sikkim and Lhasa in Tibet. North of Mount Everest there am large 
thicknesses of shales and Umestonis contajmng lifltmMitis. cnnoids ana 
ammonites. They are overlain by Cretoccous and Eocene strata. 


THE JURASSrC SYSTEM 

SUB-HIMALAYA OF GARHWAL 
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As already mentioned, the Jaunsacs are overlain by the Krol bfds 
^'hicb are probably of Permian Penuo-Trias) sge^ East of the Ganges 
in Garhwal^ the Krols are overlain by the strim consisting of shales 
in the lower portion and quartzites and Limestones in the nppet portion. 
The Ta| Scries contains fragmentary molluscs and corals and may represent 
partly the Jurassic Sj-st^n or even the Cretaceous, ft is overbun by 
Eocene rockSn 


KASHMIR 

We have already seen that the Mf^aJodon Limestone is present in the 
Vdistrict and m Ladakhi The upper portion of this is referable^ as in 
Spiti, to the Lias, This limestone is known to be ov^erlain. in parts of 
Ladakh and the Zanskar range, by the Spiti Shales, Fossils are found 
in concretions in the shales but have not been studied in detail. They 
include ammonites {MACr'Oc^phdlti^s among them). BdetftmUs, JameUi- 
branchs and brachiop4xU. 

Jurassic rocks are also found in a small area north of the Banihal Pa>is 
in the Pir Panjal mountains. It is likely that Jurassic rocks are associated 
with bands of Trias in other parts of this range. 

In the area of the syntaxiaJ bend of north-western Kashmir, there is 
a band of orange coloured strata, some 150 feet thick, which it is thought 
may be Jurassic to Cretaceous in age. 


Fi.VZARA 

Hazara is a region of transition from the Himalayan to the Balu¬ 
chistan type of development. Here there ore two neighbouring cones 
running X.E.-’SAV. and parallel to each other, the north-western one 
containing massive limestones overlain by the Spiti Shales as in the Him^la^'a, 
and the South-eastern 5hoi.ving limestones overlain by Xeocomian strata 
as In Baluchistan. 

The massive limestone (of the north-western l>elt) is dark grey in coknir 
and varies in thickness from 500 to I,JOO feet. It contains M^^aiodon 
and Dicfra£ardtu>n in the loutr part and is therefore similar to the Mega- 
lodon Limestone of Spiti. The upper portion is presumed to be Lower 
Jurassic in age^ ft is succeeded by shales of the Spiti Shale tj'pe containing 
Gymnodisc^ciroi aamnctum. Virgaii^spkimks /ffguem, B^IfmniUs gii-rardif 
Inoceramus sp., and Tiigoaia 
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ATTOCK DISTRICT 

Jurassic rocks arc present in the folded strata of the Kala Chitta hilfe 
of this district. The lower portion is included in the /tiofn iiifnfstoJie and 
the upper in S>it/ fkalcs. The latter are however not easily separable from 
the overlying Ghimal Series because the lithologj- is continuous and shows 
verv eiadual change. The Spiti Shales consist of sandy and carbonaceoite 
shales, Belemnite-bearing beds and olive days. The fossils found in the 
lovvtir limffitones ar^ ; 

SpkaMfCidMyrU B«fmirhy«eii« ef. PMlBtynunuti. LcpkrUhyrit: 

iwypi^ihfi . 

The fossils of the Spiti Shales are : 

l-pim«vautt ptilyipkmiit. «p.. Periipkiwtei ori^latis. P. ct 

P*^ipki"*te3 eirgttfoides. BlunfariicrrM SpUiitrsH, Britm- 

tu>psis ill pirIP*iJ. Hikoti$fS liurfAiiffw*, W. ftfar/ptH*, etc* 

These indicate an age similar to that of the Chari beds of Kuteh and 
younger, and approximately Bathonian to Oxfordian* The horizons 
above these do not show any fossils except one w'hicb has yielded Oxytrif- 
pidoeeras, indicating an Alblan^ (Gault) age. 

ft may be mentioned here that there is a fairly dose resemblance 
betw'een the Gault horirons of Attock, Harjira and Kohat. 

SALT RiVNGE 

The Middle and Upper divisions of the Jurassic System are developed 
in the w'cstem portion of the Salt Range in the Trans-fndtis region as a 
series of sandstones and limestones, the latter increasing in proportion 
westwards. Tlie strata arc 100 to 200 feet thick near Amb, 500 feet near 
. Kolabagh on the Indus and over 2.000 feet in the Sheik Budin hills and 
Surghar range. The fadtss is dominantly coastal ami generally resembles 
that of Kiatcli in Indb. 

In the Salt Range proper, the lower beds are tailed the i arifgaifd 
Strtes, The lower part ol this consLsts of thick bedded soft sandstones of 
red. yellow and variegated colours alternating with grey and brown bands 
which arc often ripple-niarked. They are succeeded by argillaceous 
veUow limestone, grey gy'pseous and pyritous cla^-s (alum shales) and soft 
w'hite incoherent sandstones. Amiclst these beds are bands of haematite 
and thin layers of 'golden oolite', compos&l of iron-coated oohte grains 
resemblirg the golden oolite of Kntch {$€€ p. 197). The upper beds of the 
\'ariegated Series are coarse btown sandstones, yellow marls, white caver¬ 
nous sandstones and bands of hard grey limicstone, I he sandstones become 
locally conglomeratic. 
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The Upper Jurassic betls seen in the Tnms-ludus region are not 
developed in the CiiJ-Indiis S?dt Range. 

Near Kalabagh, just beyond the [ndus, the Variegated Series contwns 
thin coal seams amidst sandstones. The coal is of poor and variable quality, 
high in ash. 

In the Trans-Indus region the Variegated Series consists riwmly of 
shales in the lower portion, overlain by thkk-bedded dun-colotired hmestOM 
intercalated with shales and days. The limrstones are succeeded ^y 
black shales containing Betemmtfs with Neocomian afifimties, these beds 
corresponding to the Belcmnite beds of Baluchistan. The Jurasic 
succession is underlain by white crinoidal limestone which may be Lower 
Jurassic or Upper Tiiassic, 


Table 47. — Juhas$ic Succession is Sheik Budin hills 


KcOC^IAEI ... .++ 

Blihck sThale willi BeTemmle* 

FiseT 

upper JuT^AiUC 

Middlo lo Lower Juraa^C 

; Ljmortdncs and lUt^rrcaOmlcd alialei ... 
VaricgatKl scries : Vari-egAtinl sainistoiies 

and 5haJ« with carbonaCcCMiH mittCTp fypMU* 
and siialcs ..f +*■ 

SCO 

1.000 

to 

1 1.4O0 

? Lower JuriianC «>.■ 

1 Criiwld^li Limestone ■++ 

; 200 


Fossils.—Tlic carbonaciMiJUS layers of the Vaiicgati’d Senes have 
yielded some plant fossils including PHiophytlutH acuiifolmm and Porfo- 
lamiifs sp. ivhlch indicate U|iper Gondwana affinities. The associatetl 
limestonis contain marine fossils including lamellibranchs, gastropods, 
tcrebratulids and cchinoids. The ammonites include Indocephaliltt a.fr, 
Iransilmus. PittiroffphalHes ha^-ittsis, KamplokepImtiUs cf. maguHtitbih- 
ciiHs, etc., which are fossils of the Matrocephalitcs beds ol Kutch. The 
Neocom’ian stratn above contain liolcostephattites and ThatmitnTiilcf, 

The similarity of stratigraphy of the Kutch and Salt Range regions 
wotdd seem to show that a sea connected the tivo, probably threugh 
Jaisalmrr. Both are associated with Upper Gondwana fossil plants. 

BANNU DISTRICT (N.-W, F.P.) 

In the Baimu district, sandy limestorHS of Callodan age have been 
foond contflinii^ Burmirhyncfiia and Dagfeuiir^yncfiifl, These arc 
separated by a thickness of 500 feet of strata from rocks which have yieldai 
OntilMith ctMilsoni, 0. mdica. 0. opa/ff. Kinguna pmjahita, Daghamr/iyitchia 
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OK Plat* XVlIt 

3%. Stgpfmmociwas charirmit (1/3). 39. Ptriiphincift {Sivaji- 

r^dA) cau^titff (J/S). 40~ Pfrisphinciei htami (1/12). 41. P^fispkiml^^ 

(/d'i'i amt-ps (»V?, ffiwV) [[}€}. 42. Ptrisphindts rfAitbriiMt l^iimcknUs 

iwSfl^rMj} EJ/12). 43, HfifFocdprJ'JIunf (l/J), 44. PMIcctrM $tidgU4 

45- l^ytOcfFoi 4F0lifum {(/3). 46. Aipidi?4fTMi artUanoidis 11/4). 47. 

Opp^tia fSfr^Wijfx) AwAf/ii tl/4). 4^. Oppriia atufinHa O 'J). 49- nolfaitphantts 

^Spitit4rasj spiUrnFis (1/4). 50. Hid^oUepkimm {Spifit:£rAi) catti^tyi fl/6}. 5L Htd- 

catifpAanws {4:^f¥ifria) icAtnkt (l/JL 52- H^^pliUs {AtaHik&discusl actagomut (1/6) 
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c&Mho»i and D. f>fjnu*isit. These indicate, according to M. R. Sahm, 
an Oxfordian-Kimmeridgian age. Associated with th<^ are beds containing 
ccphaitipods which Spaih regarded as Neoccmiian. Though the thickness 
separating the two beds is only 4 feet, there is no stratigraphic break. 
There is thus an anomaly here of the Kimmeridgian affinity of bnichiopods 
and the Neocomian affinity of cephaJopods, 

SAMANA RANGE 

.'\ Jurassic-Eocene succession has lieen discovered in the Skmiana 
Range near Fort Lockhart. The lowest beds noted arc sandstones and 
shaly limestones with shale bands. From the fact that RhynckontHa 
arntata is fountl in the upper part of these beds, they are thought to be of 
Calti>%'ian to Hathonian age. They are succeeded by dark grey limestones 
called 5nfnir»ii Sii* Limcslones which are regarded as Upfier Jurassic. 

BALUCHISTAN 

•V calcareous geosj'nclinal facies is developed in Eastern Baluchistan 
comprisitig strata ranging In age from PertntJ-Carboniferous to Jurassic, 
followed by Neocomian beds. The liassic beds arc 3.000 to 4.000 feet 
thick and include crinoidaf and oolitic limestones and calcareous shales 
containing a few fijssiliferous horizons which are easily correlated with 
Liassic horizons of the Medi terranean region, Tlic Uassic beds arc suciajcded 
by' massive limestones, also of about the same thickness, well exposed 
near Quetta and in the mouittains of the Calcareous Zone. The upper- 
most beds of the massive limestone constitute the Polypkmus beds so 
named because of their containing the giant ammonite MaeroctpbalHes 
potvpkmtts. Other fossils of these beds are MaCfOCfpbalHes ma£tf>c(pk^us, 
Mygrmlmum.M. madagaicariensit. M. {amfltoms, Ptriupkineles {Choffaia) 
baluchtstarffttsii, Cho^aiia halintfish, giganUnt, N. intutnescens, 

Te^febraiula retitrkosa, and /iffiy«rAiwir//(t plienfetla, Tliese indicate a Cal- 
lavian age. 

Hopfifts hirnafay^nm* 54- {HUnfordta) wMfijfjeAi 

0/6). 55. spiii^nsu CliJ}- 56- {^{m/ordia) 

UiAl 57. kypkam (l/J). Hiisr/i (I ,'4). 

59. pkJ^ j (1/3]. 60, 

¥sjft (1/4). 61. PmtpMnflti iAv/Maphimin) in/undibidum (1/3). 62. PtrisphindiS 

{Vitfampkiweifi) krnffH (1/4). 63. Pfrispkim^i^ {VirgaimphimrUi) hipHtaims (l/J). 

&1. MoptiUs ISnrmimitla) tvriemi (|/4). 65, HQptiUL {NfXOmtift] (1/41. 

66- HopPiii (xVi-wonnY^j) tndtfiu |1/1). 67. Brirtmtifi iPflemnopsis^ 

extrtflsl atipearance ; 6. tinniiwne ; c, lonj^Etudlna! aectiofi j d, phiaj^tna- 

confl (1/4) spilifmsis ((/3). 69. H&momya iibflifa (1/4). 70. 

Awta (1/3). 7L ipifitnsis (1/2}- 72. Lim^ f^berH fij'4]- 

7|. Am-fila Spiiimii* mp^tha. 74- Aiiaris tJ^Kixibymur (1/3). 75. Trigtmia spiHtmif 

(I/3J. 76 /iiftfmJiiui (1/2). 
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Table 4a—^J urassic Succession in Kutck 


Ajie 


f Aptian 

NcocQmtilFl 
I or ? tip, 
Tithonian 


^ I-. TitKonian 

PnrtlaftiJlaH 

" Portland ian 

I tJoooniaii 


HarHan 


Setjuaiaian 


l‘p. Afgo^dan 


^ L. Argovian 
to Up. 


to U. 
Diveotan 


Up. Callovian 


L., C^tbvbd- 


Sub-dkvisionf 

' Leadinjt lossdif 

1 Xiarino Sain^toni;^ 

‘ Umia beds [eond- 

stones and 

Ukra beds (u nfoosjli fe- 
rtJuH liandstonta], 
Trigonta beda 

Ammcmite beds (Grcf-n 
oolites and SOndatOhcij 

C^Umbierrat Ck^hMu^ras 

aff. ftfdrd'ftL auiJralis. 

Pagiopkyfium, &wkypkyUum, Gink^ 
WiHiamLenia, 

4*Mtic.ulate. 

No fwillk 

Trig^mia zvntHeoM, T. *m£ei. 

VifgafffEpkiniiei fitnupitoMfus, 
0fpth, PtyckopAyiipi^as iiiko- 
flirum, ’iMifwocanlAoe^^s ad, 
prrirraranlAvo^K Umiaitts. 

Zamia shales 

Hiiii^iQphfitrss kobfUu prO^>f«- 

i^irum, Pors<jplaiiiUs tniwahiHf, 

Oajansar b^da 

BfUmnapsjs gfrat^f, Sfrfbliitt gojin- 
PAyli4K$Ttts cf. pikaiimj, 
Miid^f^kUfras spp. 

Upper Katrol (Liarrcn) 

No foosilm 

Middle' Katrcil (red Band- 
alonfflj 

1 

A ulafCipAiM4:iiti4is 

VifgiitospAmffM i$fdospkiMi4mdws. 
Wangmia kachk^su, Kairidiieras 
katrvlfnv^ Koiroiicaas poilingrrit 
PdehyiphiMfitt spp. A.ipid^ttffs 
Imusf. 

! . 

Lower Katrol {Sand- 
StoneSH Khalc«, marls} 

f 

I Tor^aiisphinci^L iimifU, Aipi4d- 

rrroj (M^Arnfetnewm, P^Aerphyt- 
lo^rra? pIvrAoirtfmv Tsratmm^ 
reraj AMkAcaf^^ Sir^btiits plico^ 
distus. Waagfitia, spp. 

Kantkolc tendstone 

Epimayitlifs spp. pFouftayicrrOty 
jfFflVi, .^la4'ior«rdi 

BipSkrt Prosurtpkinf^ 

iorqutUMS, 

Dhi^ oolite (fnecii and 
broSvn EnlEtO$J 

TmdmdHi£TOi jumsrtnsi^ DUim- 
pkiKiii^ art. krtuHi, P^whpkimifr^ 
Mdymiti maya, 
Epi¥Kflyait^i polyp/umas, Pard- 
t^nderras A umagunrmsi, Pftiatfrd^ 
ieidft irpaini^o^tu. 

Alhlola beds (marli and 
gy-pomas ihalcaj 

PeiUxtmM afMffa. />, pQmifrwitm, 
P. meiamotpkum. €>timai4ft indi¬ 
um, O. pvtpurits. 

Anerps beda (limc«tCKri«» 
and «hali;;a) 

PfeispAimtits Irtdorpkmitj 

lahms, RtiiKi-Aimramm^ A'laAe/i- 
wirrrar^ spp. mnlaifr. 

Refamazmii bed* fj-nllow 
Umeatonn) 

Ptitte^Afia reAnfanni, R, lyrOn-irf- 
fmiis, Aleidai, Mia- 

eyf/orerar , iingjAmn, 
sUes greppim. 
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SytKUviBdoca 

Leading Jc^ls 

»-S ^ 

Up, B*thQ- 
njjji 

>lBcroqephalus btdl 
{fthillcH with ealGarecuH 
bauda, with golden 
oalitq—dind^in^Ltua > 
ztMK^in tb« upper part) 

Mafroegphalit^f masrx^pMus 

dia- 

Kampfo^jfiphaiita 4*^ 
rntrus, PUur0CephaIiiei habymiil, 
MwUmniftS. 

M 1 

L. BilJio- 

Pmtehaffl coml hed. 

M4icr4XtpfiJiiii^f triangitiar$t, 5ii'a/i- 
Ctras hyani, 

1 valuer 

5- 

L. Battho* 

shell hiuostnnc 

' ^f^jtihxtpkaiiiis ^rianguimi^^ Tri^ 
gmia pitUui, iyrata. 

a< 

niacin 


Mfgat^hu . 


The Uaisic and Middle Jurassic limestones form prominent hill masses 
m the Calcareous Zone of Jhabwan and Sarawan. Amongst the consjHcuous 
bills may be mentioned Zaiadak, Anjiro and Sutnbaji in Jhalawan (Liassic), 
and Chchiltan and Koh-i-Maran in Sara wan (Middle Jurassic}, 


COASTAL FACIES 

General—Peninsular India, which was practically devoid of marine 
sediments since the Vindhyan times, witnessed nvarine transgressions in 
the coastal regions in the Jurassic, Upper Cretaceous and Miocene times. 
The eastern coast seems to have taken roughly the present outline in the 
Jurassic, when probably the Gondwana Continent began gradually to 
separate into different units which drifted apart, sea also invaded the 
area north of Kathbwar during this period. 

The strata formed during these temporary incursions of the sea are 
of clastic nature and of moderate thickness, generally dipping gently 
seaward. Sometimes however they attain a large thickness as in the case 
of the Jurassic rocks of Kutch (about 6,000 feet) which is to be attributed 
to gradual sinking of the basin of sedimentation as t he deposition proceeded. 

The Jurassic rocks of Western India occupy large areas in Kathiawar, 
Kutch and Ra}asthan all of which seemed to have formed parts of a large 
sedimentary basin, which extended northwanls from Kutch as far ns the 
Salt Range in the Punjab. The outcrops are now isolated by intervening 
large stretches of desert sands and alluvia. The Salt Range deposits, 
though folded, compressed and much disturbed, are similar to those of 
Kutch and show much less affinity with those of the Himalayan and Balu- 
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Table 49—Sectiox ih the Jumaha dome, Kutch 
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Age 

Stage and zone 

ChAnLCterkitic AniiTtonitcS 

Up, Argo^-iaa 

Upper Dho£a ooHte (peca 
oolite). 

jumar^sg. 

L. Ar^civiBn 

Lower Dlio^ ooiLte (txrawi) 
oQlitc)^ 

Ftit^X^aioidss semi^ 

ritgwus, 

Up, Piv^^n 

Lower Dhesa oolite (trrOwu 
oolite). 

EHSif>f4otfras sp. 

Alid. Divctian 

Upper Athletn twU (sludee 
and yellow marlA}, 

Mt4ap£itxtras gpp„ Pffiacma 

CHdieyf. 

mtfafnprpkum^ Oritmoidti 
purpums. 

Mid. Dkveslan 

Middle Atlilrta beds (shaJrfl 
and yeliow marls]. 

L.. Divctiati 

Lower AtMeta beds (eyTse- 
ous atialw) r 

P^iiocirai sp., sp. 

Up. CalSovioxk 

Upper Aticepa beds (yvUijw 
Ikaaestone), 

Lower Auto^ beds (yellow 
Hme^todc). 

Kinkflittwrai sp. 
mttians. 

Smicspkimiei Sivajixrdi 

/iitum. 

1*. CohpvUii 

Upper lielnitaiLDi beds 
low htoestooej. 

Lower ^ebmanni beds (yel¬ 
low limestone) r 

Rnnre^Fi^ fyranmiffmnis^ 

AUidas, irn^ 

iart, 

RttHF^-Am^ rfkmanm^ Ae^ldjnoyfi7«s 
greppini. 

Up. BalhoDLon 

Upper Meorocsepliains beds 
(limestone). 

Di^iif^pkiditeisubctmprtSiUi, MatrO- 
. lepAatiiUt spp. Kf$mplitkiphaiiU$ 

Do. 

Middle Macrncephaliis beds 
(Shales with (cfrugenaui 
nodalca)^ 

Daik^pkAifi^S iubc^pr*tsus^ AfofJbo- 
Up^iUi semlan t i. 

Do, 

Do. 

A(ACTx*pk^iicf ikmriiitwiSi Kamp^ 
lAkipMii^s dimfrm, Indosphimc^ 
fM ip. 

Dtp. 

Dfc 

MAeroc^pkAiifet f^oFifiuts, Akidia 
Sp.^ PafapHi>em>i Sp. 
MacrmtpkaiiiFK cAati^jij, Kamp^ 
(i>kfpAfAiUt diwuruF, Pituroctpka- 
lUfs i^dtlyfn^^s. 

Do, 

Do. 

Do. 

Lower Macroce^halua bedis 
(White limestones and 
shales). 

Afatmxphalfiti irian^fvlaris^ M* 
moda^iiawint^iK Smjkwrds afi, 
ctmgfiwr. 

L. Bat^nlan 

Upper l^tcham (cOrsJ limiH 
Stone). 1 

Mmrx*pkaliUs friaftfulatiSf Sivd- 
jkms Pnxmi^ hmm- 

AixmeepkA^iia ^ianguiaris snd 
Otfaftr spedes. 

Dgl 

Low Fstebam (shelly | 
limestone}^ 


chistaji gieosyncliital fades of the same age. Compared to the geosyndinal 
facies^ th^ rocks are of shallower origin and laid down not far from the 
land, as cvddcnced by the prcs^ce of intercabted pUnt remains. 
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KAJASTHAJi 

The Jurassic sea of Westejn India which covered Kulch seems also 
to have spread over a large part of Kajasthau. Outcroi« are seen in 
Bikaner and Jaisalmer Slates but their full extent ts hidden from the 
viev. by desert sands and alluvia. The racks conseit of alternations of 
compact, buH. light brown or yellow limestones and grey or broivn sand* 
stones and grits. Some of the bands ans rich in fossils of manne ch^c- 
ter and can be correlate«J with simitar beds of Kutch. Some of the bmc 
Stones are gtev to bluish grey at depth but on weathering awunie a yellow 
or brawn colour. Two types of these arc quarried m Jaisalmer : one is 
a compact, fine grained orange or yellow brown limestone and the other 
a brown and wllow shelHitncstonc full of shells, ^th of these take good 
polish and are handsome stones for decorative building. 

The MitewMon n( Uiwfl rocks Id Jttisalnwr is »{otlous t 
Abur Beds ... Limestotws and shales ... Upp«inost Jurassic 

Paiibat Sandstones ... FiiWspathie sandstoiws ... t 

- Fcmigiiioijj smdatBac* Katrol 

Jaisalmer Mmestone* FaMilifcrciua saflilsttines jSEi^dk and upper Chan 

and Umratonci 

The lowest bcd$ appear to be the Jaisalmer limestones with dek fossils 

including St^fihartoceras fitsum [^rdiacycicctfas rmgrdnrt), Sindeites 
Rdtuckeia aff. r<;issi. Grosimuvna st^nmanni, etc., which indicate the 
same age as that of the iipiwr portion of the Chari beds of Kutch. The 
Badasar beds contain Pachyiphincl^s aff. haihyploeus anel other foss^ 
and may be correlated with part of the Kalrol Series. The Parihar sand- 
stones am unfossiliferous, while the Abur beds indicate an age high up m 
the Jurassic as they have jiclded Pseudohaploctras aburense andP. »«fic«»». 

KUTCH 

Jurassic rocks occupy a large area in Kutch and are the oldest rock* 
except for some patches of Pre^ambrians. They are bordered to tlie south 
by the Peccan Traps while on the north lie* the saline marsh of the Bann 
of Kutch. 

The Jurassic rocks have an estimated thickness of Mmc 6,300 feet 
and crop out in three anticlinal ridges trending E.AV. Owing to an E.-V^ 
fault the whole sequence is repeated. The northern ranp is about 100 
miles long and is broken up into four islands {Patcham, Karrir. Bcla and 
Chorar) in the Rann of Kutch. The middle ridge is 120 miles long, trending 
E.S.E, from Lakhpat on the west. A large outcrop occurs around 
Wagur in the cast, separated by a plain. The southern ridge, south ol 
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Bhuj, is 40 miJcs long and forms tbe Charwar and Katrol hills. These 
anticlines show transverse undulations so that the dome^like parts have 
been separated from each other by denudation, Some distance to the 
east, in Dhrangadhra in Kathiaviar, there Ls a large outcrop of Jurassic 
rocks which forms part of the same sedimentary hasin. 

The Jurassic sequence has been divided into four main divisions which 
are namo<i Patch am, Chari, Katrol and Umia series from below upivards, 
and range ill age from [iathonian (Inferior Oolite) to Neocoinian (Lowest 
Cretaceous). The topmost beds ap^xrar to contain representatives of the 
A plain. They are covered over in places by the Eocene or by the lavas 
of the Deccan Trap. 

Patchnm Series.—The lowest rock group exposed in the Jurassic 
sequence is the [*atcham Series named after the island of Patcham in the 
Kann of Kutch as this is exposed in the ridge of this island as welt as further 
eastwards. The lower strata arc yellow' limestones and sandstones con- 
taining kimelltbranchs CerMa, Trigonm) in the earlier beds and 

corals and some ammonites in the later beds. The upper strata seen near 
Jarra consist of white limestones and shales with MacrocfphaiiUs and 
brachiopods. The Patcham Series is estimated to be abont LOGO feet 
thick on the wholCp Though ammonites are present in this, they arc not 
vcr>' numerous or as important as the brachiopod and mollnscan fauna. 

Chari Series.—This takes its name from a village 30 miles north¬ 
west of Bhiij and contains five main stages, Vhc \owcsi is the .Macho- 
CErHALL'S BEDS {so called from the common fossil— Macroc^phaliie% nutmet- 
phait 4 ^) which can be sub-divided into several zones by meams of the 
ammonite fauna. The upper part of the middle division of this stage 
contains a few layers of 'golden oolite" coiistitutli>g the Djapematl's 
ZONE {lTidoc€phijiiUs dtad^n^fus) which is a calcareous oolite, the grains 
of which are coated with thin films of ferric oxide giving them a golden 
colour. Specie of Nuaild and are also %^ery common in the 

Macroccphalus Stage. Above this occur dark shales and sandy shales 
with calcareous and ferruginous no^lulcsL The lower portion of these 
beds is the Rekmasni zone {Reinrckiia r^hmatwi) in which Macroc^ph^IH^s 
persists and Phydoc^ras and Ivfwcrus begin to appear ; M^cyeWms 
and are characteristic, as also some terebratulids and 

Trigonias. The Anceps beOS succeeding the 

Hehmanni roue contain ammonites, brachiopods and lamellibranchs. 
The Athueta beds {P^liociras aihUfa] above them are composed of white 
limestones with a similar fautia. The topmost beds of the Chari Scries 
are the Dhosa ooLItES, composed of green and brown oalitic limestones 
and very rich ki fossils, among which may be mentioned maya^ 

Epitnayaiie^ poiypkcmHs^ Perispkind^ indog^rmanus, Pflt^K^aioide^ 
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smmigosiiSi Farac^n&CfniiS kum^menu, EMiJ^pidoceras iraageni and some 
terebratuUds. 

Katrot Series .—This series, composed ot different types ol sancistdnes 
and shales, includes the KantHote SaSOStONIvS. Kataol beds proper 
and GaJansaJI beds in the ascending order, and ninge in age from upper 
Argovian to Portlandian. The Kantkote Sandstone is found in the 
neighbourhood of Wagad and indicates a horizon below the Katrol beds 
proper, the chief fossils being Epimayaitf^ Proscsphinct^i 

iHrguhid^s and Torquaiisphinetts forqHiUus. The lower and middle Katrol 
bwis proper contain Oppdids, Kafr^k^ras, Aspidostras, SkMiUs and 
bnt the upper Katrol beds arc barren. InterstratiAed wdth 
these strata are horizons containing plant remains. The Gajansar beds 
contain a fauna in which appear s[?edcs of Giochk^ras, PhyU^^cer^ts, etc. 

Ufnla Series.—The Katrol Series is overlain by ihe Umia Series whose 
aggregate thickness is over 3,000 feet, consisting of sandstones, conglo- 
merates and shales, the sandstones often showing bands of hard brcwTi 
or black ferruginous grit. The shaly beds which are assigned to the basal 
Lhnias (Z. 4 M 1 A beds) have yielded Bd£m7i<tpsis ef. g^mrdi, Htidoglochicrra^ 
Po&dli, H, propktquum, etc. The Zamia shales are assigned a higher 
horizon, just below the Umia plant beds, by Dr. Kaj Nath. The 
low-er portion of the Umia beds, which comprises calcareous sandstones 
and oolites, has a Tithonian fauna including HlboUtes daingfr, Piycho^ 
phylioc^rffs titkonicum^ Virgaiosphin^Us dmsepikaiu^, etc., sornc of w'hich 
attain a large size. JcanfAerAyitcAr'ii fnufhsfria/a, Dib^fShyris sp. and other 
brachiopods are also abundant^ Succeeding the lower ammonite beds 
and separated from them by 200 feet of sandstones and conglomerates* 
are the Tricon t a beds withTngeJiJd T* ank-ri and other species. 

The Trigonia beds arc overlain by 1,000 feet of nnfossihferoiis shaly strata 
which hai-e been called the Ukra beds by Kaj Nath. At the top of the 
Umia series are the Umia plant beds (BhCJ stage of Raj Nath), containing 
a llora of l.rOwcr Cretaceous age. which has been dealt with under 
the Gondwana Sj'^tem. Their upper portion contains an ammonite bed 
with CnWcTffj and AcanfkiCiras which ate referable to the Aptian. 

This sequence is overlapped by the Deccan Trap lava fiow^ or by 
Numniulitic rocks, with a distinct unconformit}', 

MADRAS COAST 

Marine fossils are associated with the Upper Gondw^ana beds of the 
East coast of the Peninsula in the Godavari-Kistna-Guntur tract, .Ammo¬ 
nites and other marine fossils were found in some of the beds. The 
Ammonites, w^hkh are however in a bad state of presenilation, have been 
eNamined by L, F. Spath who assigns an Upper Neocdmian age for them. 
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Ttie plant fossils in these beds an? thought to be of Upper Jurasskr age. 
Further details atwut them will Iw bund In the chapter tm the Gomlwaja 
System. 

BURiLr\ 

Namyau Series-—The Napen^ beds ol Northem Shan States ant 
overlain hy red sandstones, corrglomcrates and shales with occasional; 
limestone bands. They are well developed in the Namyau rallcy and show 
evidences of shallow water origin. Fossils are found in the timestones and 
calcareous shales, comprising only brachiopods and lametlibranchs but no 
cephatopods, differing in this rcspocl from other areas. The fossils include 
species of Biirmirhyiicfiia, Holcotkyfis. Tercbraitilit. Modiola,^ r^cUn, etc. 
which are considerwi to indicate a Bathonian age. The Xamyan beds, 
extend into Yunnan and Szechuan in China, 

The Loj-An Series of Southern Shan States is considered to be of 
Junissic age. It is composed of shales and sandstones, with coal sea^ 
in the Upper portion. The plant remains found in them include Ciink^oites 
digiliilii, Clodopktrbit d^niicnliiiii, PagiophyUtm divaricatum. Brachyphyllutn 
(Xpansim and PodinamiUs disiam. 

There arc certain red sandstones in Amherst and Jlergui districts 
which continue into Thailand and Tonkin. Though fossils are rare in them 
and of little value for determining the age, they are assigned to the Jura-ssic 
from their lithological similarity to beds in Northern Shan States anti 
Siam (Thailand), 
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THE CKETACEOOS SYSTEM 


GENERAL 


Tlie Cretact^onis is one of the most widely distribtitixl sedimentary 
sj^tems in [ndia and 15, moreover* represented by a variety of fades. The 
Himalayan area, as in the earlier systems, shows the Tethyan geosyndinat 
facies* A large area of Tiliet and northern Himalaya is covered by these 
rocks. Jn Baluchistan there is m taslcrn calcareous fossiliferous facies 
and a westeni atenaceotis unfossiliferous fades consisting of sandy strata 
of the Luropoan tlysch type. Similar rocks are developed also in the 
Burma and Arakan ranges at the other border of India, Marine incursions 
of this period have kft their deposits in the Narinada i.’alley* in the Trichi- 
nopoly-Soiilh .4rcol area of southern Madras and in Assam. The latter 
two have a fann;t| assemblage different from that the Telliyan g^Kis^mctinal 
deposits. Kstuarine and lacustrine deposits are developed in various 
parts of the centre of the Peninsula underlying the great group of lava 
flows called the Dcccan Traps- 

Towanls its end, the Cretaceous was a period of extensive igneous 
activity* Granites and particularly basic rocks belonging to this period 
are found in the Himalayan area, Baluchistan and the Arakan region of 
Burma likewise witnessed igneous phenomena* The Peninsula was the 
scene of stupendous volcanic outbursts which were responsible for a large 
thickness of lava flows and fragmental products which at one time probably 
covered dose u|KHi half a million square miles of the land surface. 

The eastern coast of India seems already to have taken shape at the 
beginning of the Cretaceous* but on the west there was still land from the 
southern end to as far north as the Narmada v*alley. stretching westwards 
into what is now part of the Arabian Sea, An atm of the Tethys tended 
into Bajuchistan and further w^i^t on the one hand and into the Arakan 
region on the other A sea possibly connected with this arm, transgressed 
into the Narmada valley in Cppef Cretaceous times and al>out the same 
time a southern sea invaded the eastern shores of the Peninsula in Southern 
Madras and Assam. 

It is an interesting fact that there is a more or less pronounced strati-^ 
graphical gap between the Low'er and Upper Cretact'ons in the geosyrKlinall 
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area. Strata belorrgtHg lo the age of the great iransgressioti in the coastal 
areas (I’.f., the Cenotnanian) are absent in Baluchistan and ITa7,ara, and 
possibly also in the Aralcan. This would suggest that the Cenomanian 
transgression may be compensated for by the marine regression of the 
borders of some parts of the geo^mclinaJ area of the Extra-Peninsula, 

SPlTi 

Giumal Serks.—At GtumalH Kibber and Chtkkim, the Lochambal 
beds gradually merge into yellow and browTi sandstones and sLaty quartzites. 
These constitute the Giumal Sandstones and have a thickness of about 
300 feet. Tlie uppermost Lochambal beds contain the cephalopods HopKi^s 
(AV(Nrofflj 7 f 3 ) necc<m^r^lsts and jlrim/Wiscifs swhradiaim which clearly point 
to a Xcocomian age*. The Giumal Sandstones enclose a fauna which 
indicates that they cannot be older than Upj>cr Velanginian or Lower 
Kautcrivian nor younger than the Albian : 

-CepliiLtop^Klj ... ... aff. Sitphim^trat 

sp.^ P^ritphintffi sp. 

LmnelUbraEidt^ . 4 , ... Cjufiwi* (abuuiUnt), tvptr- 

sits {abdfLiJant), Otirta ap., Gryphats sfl. 
sp. etc. 

Chlkkim Series.—The Giumal Samfetones are overlain by grey 
or whitish limestones having a thickness of 100 feet or more. These are 
the Chikkim Limestones which contain Htppuriifs, and same 

foraminifera including Crisi^Iiariii. Tf‘xtitJarm, Nodosana, D^ni^ina, etc. 
These are probably of the same age as the 1 [cmipneustes beds of Baluchistan. 
The Chikkim Shales arc 150 feet thick, highly folded and unfossiliferous. 

The Chikkim Series is o^'erlain by a group of sandstones and arenaceous 
shales of the flysch facies, which are entirely unfossiliferous. In some 
places even the Keocomian is represented by the ffysch formation* It is 
■clear therefore that after the deposition of the Spiti Shales the sea gradually 
became shallow and became unsuitable for supporting a rich fauna. There 
is also a distinct difference between the Spiti Shale fauna and the Creta- 
<;coiis fauna since the tw o have very few^ common elements. 


* A. Spite p. 1?7-2I 7. I9I4| remarW. in connectinn with the ammonite^ 

'Of the Lochambal beds, that the Eurerpeon farma indicate o’en a Bomevrhat later 
than that hjf hiin. Tbia ti iij;Dtficant in vic« qf Uie osaLgament by Spath of 

an Upper Keoeoiiilad ajje for the imperfect ammonitca lotitMl in the COit COOTt Upper 
Condwona atraU. ood of a Neotfinaian age for beds in Banmi whidi contain bracbdi]- 
poda of KiimncridUigiaii aJhnitco, Fphap3 the ' Neacdmian' ammemitea of the 
tndian negian am oldpr than what tbch European relativiss would lead us to believe. 
This ia a problem for expctieoced palaoautologkta to islacidate. 



THE CRETACEOUS SYSTEM 


403: 


xiv] 


TETHYS HiMALAYA 

Near the Niti i^ass the Chtkkim Limestones are well dex'eloped. Beyond 
it in Tibet, there are volcanic rocks [at Cretaceous agej overlain by sandstones 
and shales of Eocene age. 

In North Kumaon the Cretaceous is represented hy the GiumaJ Sand¬ 
stones of Lower Cretaceous ag^c and Upper FJ^rscIi ^iments of Upper 
Cretaceous age. The Spiti Shales show a gradual passage into the Giinnat 
Sandstones, The bsisal portion of these sandstones are mainly shales 
with calcareous sandstone Layers containing glauconite. They pass up 
into hard green glauconitic sandstones with shaJy layers* The total 
thickness of the Giumal Sandstones in the Kiogad region is 500 to 700 m. 
They leather into stee|>-sided black crags with fantastic shapes* some o| the 
p^eaks rising to over 16,000 feet in altitude. Fossils arc rare, but several 
bivalves and some ammonltr^ have been found in the Spiti region ^ These 
indicate that the lower part of the Ciumal Sandstone Is of \'a]ajiginian 
age while the uppermost part, which contains Piirakofiliits ct tiofunt' and 
Stoliczkaiu cL di’spar^ is of Cxault age. 

The upper part of the Cretaceous, called the Upper Flyisch by Heim 
and Gansser, is estimated to have a maximum thickness of I0CN3 m.. but 
Varies a great deal. It shows the following snbKlivsions :■— 

d. lOD to 400 m- reU and grentl siliceous aaxLdFtanes and dciUe radkiilamn 

- cherts altcruatiiig with shales. 

c. 500 to 600 m. bJack aiaty sJmles with day ironstaufr Laym and Haggy limc^ 
■tdn» with Fucoids. 

100 in. of purple marly shaks contoioin^ fqfrmmiiiifcra (Globi^crinidiia 
and Rolalidae) 

A. 50 m. Hreenish jihBJfr ttdtli BabdatoDe Inyrra 

The thickness of each of the divisiorts is V(rr>' variable. The division (e) 
above bears a great resemblance to the similar hysch of the northern Alps* 
It also resembles the Spiti and Kuti shales from a distance but docs not 
Contain the characteristic ammonites of those formationSp Heim and 
Gansser state that su3>-dhdsion (tf), which was described as being a tuff 
in the upper part by Von Kra£t, is not correct as it really consists of an 
alternation of red and green chert with thin shaly layers all being rich hi 
radioLarians, Tlsere is no true tuff and what was mistaken for it was 
really radiolorian chert which is a dee[>sea sedimentaty deposit* It shows, 
under the microscope, an opalescent ground mass without any volcanic 
material and is rich in numerous small globular radioLaiians and nassel- 
larians. The shells of these arc often replaced by bluish glauconite or filled 
with opaque ferruginous silka or chalcedony* The Upper Flysch indicates 
that after the deposilion of the Giumal Sandstone there was a considerable 
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^]eepeni^g ot the sea. The Upper Fli-sch is considered to be of Turoninn 
to Setionian age. 

In the Kiogacl area the fij'sch sedimentB are often overlain by intrusive 
ultnibasic and basic igneous rocks on which they may often lie. There are 
no rocks in the Tethyan Himalayas of Kiimaon younger than the Cretaceous, 
but the igneous rocks may be Upper Cretaceous or partly even later in age. 
Some 50 miles east of this region and south and sogth-iscst of Haksas 
Lake, similar Cretaceous rocks are seen in the Amlangla and Jnpgbwa 
areas’ Cretaceous flysch is also seen, after an interval, in the region of 
Darchen a little to the south of Mt, Kailas, wlierc the rocks are thrust 
towards the north and underlie the Kailas conglomerates of Eocene age. 


NORTH-WEST KUM.40N 

In the area of the Exotic Blocks, Cretaceous limestones of the exotic 
'Chitichun facies occur profusely. .According to Von Krafft, the following 
:Sub-divi5iDiis are recognisable : 

riLitT 


4/(6)^ 

4/ta). 

4r- 


Ad. 

4f- 

4t. 

4ff. 


1. 

2 . 

1 . 


Upd ttiin bedded ... 

Grttn tuiifli tbifi b«ld«i +.. 

and grey saiHlfttone? jUtemadug with shatef, 
passing tbrtyugh tuffMWUs aandatoctea upwards 
into 4/* 

Hflrd black fultcsous shales aud crumbling shale? 

Browti weathering sand&tonm aJtrmating with shaidS... 

Black crumbling ihalM ... +’■ 

Bed and ^nbh shiilca sueI red shaly limcstonrt 

Taiurajd SaadstoDc* (Lower Crelace^ 

Spiti SbalH (PortLsDdiam^ 

Cnry limesiDne pASsing down itom Uic Ij>wct JutMC 
into the Dachs^teinkaJk (Up. TriAs). 


50 

150 


300 

30^ 

10 

200—300 

100 

400-500 


All the strata etiuracnited under the sub-dlvisiori 4 belong to the 
Upper Flych, of Upper CretacEoiis age. Of these, 4a is remarkable as it 
consists of re«l siliceous shales of a dark terracotta colour intercalated 
with a few bands of red homsfone and splintery' greenish shales. These 
pass upwards into earthy calcareous shales with greenish grey limeatonc 
intercalations. Because of their colour, they are very conspicuous from a 
distance and they are well s«n north of TaUa Sangcha and also in the 
■Chitichiii) area. 

According to Heim and Gansser, Von Krafit was mistaken with regard 
to his tuffs. According to them there are no tuffs at all amidst the CreU- 
«eoiis rocks in the Exotic Blocks and in the igneous rocks associated with 


THE CRETACEOUS 5Y5TEi4 


405 


XiV] 


them, the rocks so identified by V'on Krafft being really sittceoiis cherty 
TTiatcrkLl lull of radiotaria. 

The Giumal Sandstones in this region contain grains of glaudonite. 
iheir total thickness being 500 to 700 m,, nfinch thicker than Von KraHt 
thought. The upper part of this foniTation forms a huge anticline on the 
north side of the Ksogad river^ its age is Lower CretaceouSj, ranging from 
Vafanginian to the Upper Gault. According to Heim and Gansscr the 
Cretaceous sectjon in this area b as follow^ t— 


MJj.TICKS 


4. Greea artcJ red liliceotift sandstones biieI radlotarlan 

hofrl^ione attMTisting with silkjcoija siaScs. These are 
c\' 4 ?iiam by thm^t aheeti ot hfuk Kguroak roelts 
«. Black vlialea and alutes with intercalated laycre ot fsicoid 
linicratonni aivd grey incHutonc layers. Th« upper part 
(jontnins some brown sandbtanc! 

Purple marly and earthy l<m«tone with fonitTluriiftJTi . 
a. Gma >*hnU i with sandstoaci laycrt, (Giamal Sojuiitcinc) glaa- 
coniti^ with fthaly bands in the mkldl« and greenish sand- 
ttaues in the part «■’+ 


300—400 

500—600 

100 

50C^700 


It will lie noticed that the major difference found by Heim and Gansser 
relates to the siib-dis'bion (J) {4^ and 4/ of Von Krafft), the so-called tufl 
being really siliceon^ radiolaxian material. It b seen to consist of opales- 
■cent Silica under the microscope without any volcanic material but con¬ 
taining numerous small RaiUofaria and Nas&eJiaria whose shells are often 
replaced by glauconite. 

We thus see that in the e^'^oGc blocks of the Kiogad region there are 
sediments representing three different facies. The first is the Lower 
Rvsch facies of the Giumal Sandstone and the Upper Fly-sch, which are 
similar to the rocks of the Tethy-s Himabya. The second includes blocks 
of Kiogar fades embedded in the igneous rocks of the thrust sheet and 
belonging mainly to the w'hitc limestone of the ty^ of Oachsteinkalk. 
The third consists of inarhles of the exotic faoes {called the Chthchttn 
facitx by Heim and Gansser) consisting of Permian, Triassic and Liasic 
limestones, generally of a conspicuous red colour and totally unknown 
in any part of the Himalayas, These last resemble the Adneth and Kallstatt 
marbles of the Austrian Alps. 

The idea that these exotic blocks have been carried by ih*olcanic l!ow^ 
is disenunted by the following facts. The cxotM: blocks aie closely related 
to the igneous rocks in which they occur, being often metamorphosed 
nistr the contact and assimilated by and mixed with them to some esteni 
as seen from small patches and streaks of the igneous rocks included in 
them for some distance from the contact. Though numerous isolated 
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blocks appear, there are also many of very large sTzOiv well stratlHed and 
extending over eonsiderable distance. The stratification in sonie cas» 
can be seen continuing into adjoining blacks though they have been isolated 
from each other by ivcathenng. There are no tuffs, those mistaken for 
such being really radjolarian cherts of a deep-sea facies. The most im¬ 
portant of all is the fact that the igneous rocks as wdl as the sedimentaries 
in them have been folded together and show st^uiMing and sliding on a 
large scale. The huge masses of the sedimentaries involved cannot possibly 
have been transported by molten vmlcanic rocks. In the Kfogar^Ihitichun 
region the general dip of the sedimentaries in the e.xotic blocks is tow-ards 
the north, indicating that they haw? t>eeTl thrust from tlie north, Heim 
and Gansscr have given a comparative table of the three facies of sediments. 
involved in the exotic thrust sheet. 


Tabce Different Facies in the Himaiava^^ Cretaceous 



Tettiys Himalaya 

Kiogaj 

Ghitkhun 

Creld£«eu9 ; 

1 

Upper FI>'BCh 

Gitinud 

Basic igrlraUit itickd 

& raitiiQl^rUiin 
cherts 

Bfljin ignwaa iDCks 

JarBflsk 

Spiti Shotc 

Fink doLLte and 

Bbatc with 
C4tpi<mgila 

Adroit marble and 
ladiotorian chert 

trDn oalite 

Laptal Scrk« | 

Trixie 

Kiuto Lkmcalone 
KutiSh^ir 

KioJtaf Limestooe 
(iJaelutejnluUk) 

Bfd caitiic Uin<e$tton& 
Ited limralone with 

CtiocoUte ^ale 

Perroiin 

Kaling Simltf* 


l^ed CrihQodaJ 
limcftene 


There are three other areas of exotic thrust sheets known, all of thenr 
lying on the route from the Manshang Pass to Mount Kailas. The first 
is found betw^een Shingkbtsa and Amlangla. The second occurs near 
Jarigbwa. These two appear to be port of one sheet exposed only at the 
edges because the central portion is o\T 2 rlain by basic lavas. About 30 
miles further to the north, and lying between Darchen and Gyantak to 
the south of Mount Kailas, is the third mass which has been thrust from the 
south On the Kailas conglomerate of Eocene age. This is of the nature of 
a counter thrust and ia covered on the south by Pleistocene giavcK 
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The igneous roclis in the exotic thnisl mass consist mainiy of dolerites, 
greenstones, spiLites^ ajnygdaloidal porph^Tites, enstatite-pcridotitcs and 
pyroxenites which have been considerably scrpcntiniscd, Wlicrc they 
arc intimately assodaled with limestones they have produced scipentine- 
inarble. It is interesting that the peridotites arc cioscly associated with 
deep sea radiolarian cherts and ailiceons sbaJes. All these intrusions are 
of late CrctaceoiJS or post-Cretaccotis age, but pre-thrusting* The sills 
of greenstone may however, be contemporaneous with, or slightly earlier 
than, the flj'Sch sediments, at legist in the Amlangla region* The gabbro 
and peridotite intrusive masses apt^ear to be post-flysch^ porhaj^ late 
^Cretaceous, in age. 

CENTRAL TIBET 

Cretaceous rocks, consisting of 'Giumal Sandstones and Ccnomaiiian 
Limestones, occupy a large area in Western and Centra] Tibet. They are 
overlain by late Cretaceous and Eocene rocks towards the southeast. 
In the Phari plain are exposeti a thick scries of limestones, shales, slates 
and ijnart^ites which include Triassac and possibly older b«ls. The upper 
limestones of this group contain Liassic brachiopods. Jurassic rocks 
occupy a large area in the Provinces of Tsang and U, and fossiliferous 
Middle Jurassic limestones are know^n. Typical Spiti Shales have been 
found near Kampa D^ong and in the hills cast Eind south-east of Gj'^ntse. 

A full Cretaceous setpicnee, though the whole of it is not fossiliferous, 
is noted near Kampa Dzong in a series of faulted folds^ Together with the 
associated early Tertiary rocks it consti Lutes the Kampa System. The 
succession near Kampa Drong is shown in Table 5I, 

The lower Cretaceous is represented by the Giri Limestone which is 
tinfossiliferous. The overlying Kampa Shale and Hemiaster beds are 
-Cenomanian as shown by their fossil content. The Sc^arp Limestones and 
the Tuna Limestones range in age from Tnronian to Maestrichtian and are 
apparently the equivalents of the Hemipnoiistes beds and Cardita sub- 
compbnata betls of Baluchistan. The ferruginous sandstones at the top 
are thought to be partly Cretaceous and partly Eocene, 

In thLs region there am altered basic intnisivcs and serpentines w^hich 
appear to be late Cretaceous or Eocene in age. There is also an uitfoliaied 
hornblende granite intnisi^*B into the Mrao^ic rocks. 

KASHMIR 

The presence of white Cretaceous limestone containing Gryphon 
vesiculosa is knowm in Rupshu and in Ladakh on the Lch-Varkand road^ 
Some /fi^/jun'/c-bearing rocks arc knowm in the Lok^hiing range in north- 
-emmost Kashmir, 
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Table 51—The Kampa System of Tibet 




ECXENE 


Ji 

O 

u 

< 

Sf 

U 


Turcifliim 


ConaiM- 

nLon 


SiybrflivMDna 


ThicJftleSS 

Ft. 


Muftnich- 
I tkJLTl 


iSenontan 


Lower 
' Crctaceabs 


JtJliASStC 


l>EOTi^buk S^Uklf^ liF ... .»■»■ ■►* 

Alvciiljrui Limestones ... ... 

SI 19 J 13 iimeatones, tinfo**iU(erDtii!;ii ... 

Sandy TnicaCPOufi and 

Orbitolitca iiniiirftnn^ with DrbiioitUy atid 
Sp<mdylia« fha-leSi—Vancolounxl and nefdlje shales 
OpcTculiTtji limrstone—Shaty noduJar foraminifeTal lime¬ 
stone with Nummulitfi 

GastroixicL bmpstype—LimrstotieSj thin-bedded below 

but hard, massive and dark above with gastropcMk, 
especially Vrlaics sckntidt^tixna 
Femi^nnos SandsUitte :*—m delcrmiiiable IdSSils 

r FLT|^g>' sbaiy limt^Cone with sandy layers’’l 
and W’ith Lithothamnlon Itme^one in 
I the mhld^e (Cyrlnfires rr;^MVon5, Mt-mi- 
Ttina H pnatstfi ^oiitfypust OrbtffjtiifS 

Limestone nracrej^rS^ Fdfd 

Third scarp UmAitone witli sliaJy bandsr^l 

I wiUk R^iaiites and Aefaeonriia f 

Tb^irip da^gy and tbaiy limestone ^-ith. Radiolites add 
Ec]iinq4^ ..r ... 

Second Scarp limestullP With Rudi-iid^, QT(rit0fii£M midia^ 
Echidolds add LattieUkhrancbi 
Park AhalH and limestoFMs with a tew Grypkant 
FiE^t JKarp limestone, hard add <nn deteC- 

miaable loaatts ... .., +^. 

Memiaster beds—Pate gfey shales with Nfmia6l£r 
jjJtrtTrj* H. e4«eiw^arti«. tjrvpAtfrd. fn^framvt ... / 
Kampa shale—Brown shaly limestone and black needle! 
shales with rAeloma^rai^ and other > 

spcdcs and Tum/j/ei coriaJuj ... ... J 


<^iri limestone 
feiDus 


-hanl thiil'brdded limestone, untdsalli- 


lOO 

400 

150 

50 

150 


200 

150 

lOfF 

? 

150 

? 

150 

250 

} 


£piti Shnies 


tn the Astor-burziL region, Cretaceous limestones and shales l>earing 
foraminifem {Orhitotina ct buigafica), gastropods and corals are found 
intercaJatt?d with volcanic rockSn while granites, pyroxenitft; stnd other 
^eoiis rocks are also known to be intrusive into the Cretaceous* 

UAZARA 

Mention has already been made of the fact that there are twTj parallel 
zones in Hazara in which different fades of rocks are developed side hy 
side. This applies not only to the Jurassic but also to the Cretaceous. 

In the north-w'estem sone, the Spiti Shales of Jurassic age pass con* 
foimably upwards into the Giumal Sandstones, succeeded by 10 to 20 feet 
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orange-yellow sandstone with chert3^ and femigmows patches containing 
Albian ammonites. Amongst the fossils are Lydik^as lyeUi (abtindant), 
X. cotieri, Amnihac^r^is rhoiomageitsis, EnirfphocfFas sp., DGUvrikkcFas 
inammilldtum, D. afT, Bran{:{K‘ira$, DtpfiK^ms afl bouchardianum, 

Hamik^i d. MHahamifts aff. tie^ans, OxyirfrpidiK^ra^ mMpdum, 

O. romyamm, Mojshovksiii aif, and also Echin^omts^iMl Micrasfer^ 

bed IS lollow'ed by 400 feet of w^ell-bedded grey liimijstone with a 
Jatcrite layer on top, the latter indicating snbaerial weatlieiing befote 
the Eocene w'as laid down. 

In the south-eastern zone, the massive limestone of L'ppcr Jutassic 
age is succeeded bv' Giumal f^dston^ w^bkb are 100 feet thick, and dark 
green to nearly black in colour. Calcareous intercalat ions in these s^mdstones 
rmntain abundant Trigoma. They are succeeded by 100 feet of sandstone 
and shell limestone, overlain by 100 feetof bnff, thin-beflded shal)’ limestone. 
All these form a conformable series and appear to be of Neocomian to 
Albian age. Their junction with the overl>ing Eocene is marked by a 
bed of latejite. In this sonth^astem zane» therefore, the beds between 
the Albian and Eocene are missing whereas in the north-w^estem zone the 
unconformity is much smaller, i,e„ betw^een the ^fiddle Albian and some 
part of the Upper Cretaceous, 

ATTOCK DfSTRiCT 

The &piti Shales of this region pass ituperceptibly upwards into the 
<jiiimal horizon containing Oxytr&pidocefas aff. roissyaminf in the upper¬ 
most beds w hich arc of Albian age. There are no strata belonging to an 
age between these and the Eocene, 


SAMANA R.ANGE 

Above the Saniana Snk Limestone of Jnrasaic age there occur dark 
grey glauconitic sandstones with limestone bands containing the ammonite 
Aslkfia and of Neocomian age. The glauconitic sandstones 

are unconformably succeeded by the Main Sanrlstone Series of Albian 
age consisting of white qnartzitic sandstones with haematfLk bands and 
having a thickness of about 700 feet. Fossils occur in the lopmtjst grits 
including :— 


Cephalapodi 

SrBchW>pacl9 

•Ca&trnpcH:i^ 


DotiHfifitfrait WitmmHlatum (ver>^ Pfriviid 

cf. CA^iV«F4t« davitiit Dnmoc^rat 

tafidowiaium, hrurtfSKtrax iird'iVui^, cf, 

atfrnUitiuf. 

sama¥(cMiiSi Ft. Tzticutota, Triahratuia 

jjtjnaHrnjpj, T, 

iytflarmtAiitm cf. ^4mi%0Umum Mjjhi- 

h/mimr 
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Laincllibiranclu 

- EcliintKlrninis 


Pttttn. t'crtMJ. Cy^riwfl cf, jwrfwffl, 

Dittmdea All, dec<fmt«, ComiJw FP-, HetMttr sp. 


The Main Sandstone Series is succeeded, after a slight unconformity-,, 
bv 150 feet of flaggy limestone called the Lower Lithographic Limestone,, 
of probahlv Chikkim age. Above this there are variegated quartritic 
sandstones'and the Upper Lithographic Limestone, which also appear 
to be of Upper Cretaceous age. 


CHfTRAL 

Middle to Upper Cretaceous strata, coiisbting of Uniestoncs ootitaimpg 
Orbitolina and //i>pnrif«, are found in a series of outcrops m Chitml, 
often faulted against older strata. They are succeeded by the Reshnit 
Conglomerate beds whose age may be Upper Cretaceous or Eocene, 

BALUCHISTAN—^SIND 

tn the eastern or Calcareous lone of Baluchistan, tlic Cretaceous- 
System is well developed as a series of shales and limestones, whereas m’ 
the western or Flj-sch rone it con,sists nwstJy of dark greenish grey sandstones^ 
and siindy shales. 


Th« Calcareous Zone 

Belem nice Shales,— In the calcareous acne the Neocomian succeed^, 
the Callovian strata nneonformaWy. It coi«ists of two divisions, the 
lower Betcmnite beds and the upper Park LimfstoAts. These formations 
are abundantly intercalated with agglomerates and tuffs (cspeci^y 
abundant in the lower part) and pillow lavas of basic composition. The 
Belemnitc beds are dark diales containing abundant In-lemnitcs of tlic 
genus Dttvalxa (a flatted form) and other fossils including XJirvafia di7tffflf«s, 
BeUmniks lai»s. B. subfitsiformis. Gryphata oldham. etc. At tim» tte 
Belemnitc beds swell into a thick fomiation of green shales with thm 
Umestonc intercalations ; by the accc»ion of arenaceous matcnals tl^ 
piss into the flysch facies developed on a large scale in Lower Xhob. The 
Belemnite Shales are younger than the upper parts of the Spiti Shales 
which, as we have seen, are of Lower Neocomian age. 

Parh Limestones, —(’iinformably overlying the Belemnite Shales 
are the Parh Limestones of white, red and purple colours and often of 
poicellanoid te.xture. They occasionally reach a thickness of 1,500 feet- 
They arc unfossilifcrous in the main, hot occasionally contain /iiocerantw* 
and the aberrant genus Hippurites characteristic of the Mediterranean 
province- 
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The Parli Limestones and the Beleimiite beds are seen forming the 
■peripheral portions of the domes and antidihes whose cores are of dark- 
coloured Jurassic limestone. These hvo divisions, v^'hieh form one strati¬ 
graphic unit of Upper Ncocomiofi age, unconformably^ overlie the Callovian 
Polyphemus Beds and are in ttim uncoaformably overlain by rocks of 
Senouian (Campanian) age. 

There are tnlnisions of gabbroid and pcridotitic rocks in the Parli 
Limestones, which may be of Lower or Upper Cretaceous age. With 
these are assodaled the chromite deposits of Zhob-Pishin areas. 

Hemlpneustei^ Beds^—The Upper Cretaceous is developed ip the 
Laki range of Sind ami in a large area in the Calcareous zone of Baluchistan, 
The lowest stmta, called the Hemipnciistes Beds, are limestomts of Cam- 
panian to Maestrichtian age^ which have yielded a rich fauna :— 


^CephAlapcMls 

iVdyJiijU Pmfflpmkydiicni dHlmtmu, 

Boitryik^xfraS p&IyptGcum. 

SchinDiUa 

... NrmipmiMs pyptAmtm, H. N. 

rMsus, E. fioSniypUi 

Fyrina ataxenns. b!a»- 

/ordi. 

G llib raachs 

Ah^iryt»$i^ jhflittdid, Gryphata vr-tiiidsrfii, Vola 
quadrkotfstiau Sp&fidyim fatHanuM^iSf 

(CA/diMyi) d«jafdim, Corbula karpa^ 

Cft5{lrDpr;iU4 



Cardita Subcomplanata Beds,—The Hemipneustes Beds are 
overlain by shales containing occasional fossiliferous bands, one of these 
containing a rich ammonite fauna, though only 6 inches thick* The fossils 
irom this zone iridude Cardifa {Venerkiirdia) iU^ompianata (by which 
name the beds are sometimes cal led) p and the ammonites Indaexr^ balu- 
Sphr>todi$cn$ acuiodorsaimt Parapachydi^cu^ duimensis and 
{fUNdryc^ras sp. 

Pub Sandscones^ —The above-mentioned shales arc foUowed by a 
thick series of llysch-like sandstones, called the Pab Sandstones, Though 
mainly unfossiliferous. they contain rare fossilifetous horizons of shaly 
constitution, especially in the upper part, in which Cardiff {Vtiinric^rdia) 
has been found. Other fossils of these beds include : 

I^Jirfidlibrimchs I'rrdrnbwr^h Othf^ ^^cui(TOlir^l, O. fU- 

L*Oifr‘m erirwiaHs, Cj^uta iid^if/tra^ C- 
Adt/)d, CrasiaiiifA iiUStriaat, C^rdtum matfqui- 
cAmtu-xitm, Giycimms vredi-Mbur^L 

Cjidtropods ... ... Bcilfirdm ^Vm/d itdboJiir* Morgania ftmformis^ 

Turriliila pFOiluKgn, Fatamid^i PrO^sri- 

jrAlHfw Cmmpaniif hT£vt. 

CcpbaJc^poiii ... NauHlm/ffrbtri, N. 
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Tlit; Jurassic and Crclaccoiis successbii of Baluchistan h sho%^ in 
Table 52, based on the s^'ork of E- Vredenburg. 


Table 52 —Mesozoic Succession rs Baluciixstan 


(After 

Vjwicfibuncs—3S. p. —200) 

Age 

Sub-divisions 

Eocene -4^ -+1 

Ohaiij brd*— 



Daisuui to MiiueatriictitU^ 




.CllTiJitiL bcaumomti \mh vokaillic jiRglomeriitfi^ 

j H npfi lfai iJolef itH Aiad $«rp{rntano«. 

IPab Sandst^?nts—^taKiive, mther conTWi s*rn.lstoa«, 
■cxtnctimes ai lafije thickivcs^, acjcompahirtl by vokanu 
materiatfl.. 

Olive Shalt# with nutneroiis ammointcs. occa^MKialjy 
ititcfb&tlOeiJ with votcanfe flJih. 

Hemiptwastcft bed*—Umcsti^nets md calcsoraus 

with Parapenhydixcu^t *nd ^ovcraf 

echlbi&idi. 


NrocomiaD 

Callnviart 

Bathtinian ami Bajoeinji 


-— —- - uficanlcirmlty -- 7~i~ 

Litucak betk—Flaggy porcclkulLC Mmeftonc^i md wwii* 
Qi byfi and pale green coloyrt, ecmiainiug nuintfroiis 
JBmoll foraniitiifera prlnripaJly oi the genwa Litu^a- 
Parh I.lmrttom?—white, poraUank, well stmlilicd 
I Umestonta with IcrrnRtlWJUft ha^al btds, 

... Belumnite lieiift—Black tplintery fihalea with abundant 
and 

------^Hticonformity- r , , 

. Pnlvphemi]* beft-^-thtn beddifd Ismwtoncs and -dialcs 
‘ containing Ihc large ammc^niie 
I poivpfifwus. 

... Maaaive Ricy limestone, several thuuiand feet thick. 

..jDnrk, welli-hcddipd 1ime*tonfeS> sevcnil thousand feet 
' thicki sometimes with fosulifcroits honcons. 


Trias ... ..JThkk. greenish grey slaty shaleB with thin black hitiestoc® 

J layer#, l a/ijraeid, Didymitn, Haioriici, etL 

f^TtliChCarhortiferous . . .; Umestones w-ith Pj^Hfluj ami other Per™>-Caa:boili- 

; f^rtnu fnaBilii. 


SALT tUNGE 

Belemnlte Beds. -Only the lower portion of the Cretacctius is 
represented here, consisting of a I (F foot thick grey sandstone supptised 
to be glaucofiitic, overlaJii by white sandstones. At Kalabagh, just beyon-d’ 
the Indus, they contain Bdrmnites of Keocomian age* They continue on 
to Chichaii^ Makarwal and Sheik Hud in hills tvhore the lower bekmiiito- 
bearing beds are sbaly and associated with grey marls overlaJn by wbitn 
and yellow sandstones. 
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The Belcmnite h^ds contain a Jfairly rich fauna belonging to the Valangi- 
nian age, amongst which are the foUowiug : 

OUosirphanus saiimrtm (abundant), 0, suhia^vts, fascig/rrus, 
{Rogirst^} Bian/ardii^ras aff. ualiichi, 23* cf, boithmi, Sahikar- 

numnia mMia, 5* /rrmoW, 5. patella, Hitnalayaiirs cf, seideiif Ncm:omifrs 
iftmUis, Parafidicrras sp.* KiUaRflla miaBca, K, hisairiei, Nicocosmoccras 
hapi^phonim, Sarasindia uhitgi, Neohoplocrras submarlirii, hroUssocita^ 
grmiantim, Htboik^ sub/miformis (abundant) i 

PUuroiofHaria blanchAsiaric h£r^&gi\ Exogyra 

Also fish and reptilian remains. 

It was believed that there are no Mesozoic beds in this region jtiunger 
than the Albian (Gault)* S,R.K. Rao has recorded the foraminifar 
Ghboirutt^ana rosefta of Maestrichtian age from the Baroch Limestone of 
the NammaJ goige^ They ane siicceenied hy ferruginous marls having 
a thickness of about 6 fceti and these by Eocene limestone. The marls 
may be Cretaceous or Eocene* 

PEJ^INSULAE AREAS 
BOMBAY 

Ahmednaj^ar (lllmnmtnagar) Sandstone. —The .Ahmc<ltiagar Sand¬ 
stones, discovered by C*S* hliddleTui^ in the Idar State, consist of thick* 
hori3K>ntany bc*dded sandstoneSf shales and conglomerates, ha^nng pink, 
red and brown colours. Amongst the plant fossihi found in these, xVla/o- 
jiidiifirN indkum and SlVj'c2i^e?//rf rdkulata have been identified, which point 
to a Lower Cretaceous (Weatden) age« These sandsttnie are therefore 
older than the Bagh beds and may be contemporaneous with the Nimar 
Sandstones underlying the Bagh beds. 

The Ahmetinagar Sandstone Is similar to the Dhrongadhra Sandstone 
{sdc Upper Gondwanas, p, 274)* the Songir Sandstones of Barotia and the 
Banner Sandstone of Western Rajputana, all of which appear to be of 
about the same age. 

KUTGH 

The Jurassic rocks ot Kutch pass upwards into the Umia plant beds 
which are overlaiir by sandstones containing marine fossils like CfdamMccTas 
and Chebmkiras. The age of these beds is Aptian, 

NAU>rADA VALLEY 

Bagh Beds.— Strata of Cretaceous age arc obser^^etl in a series of 
outcrops bctw'ecn BarvMih cast of Bagb in GwaJjor State and Wadhwani 
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in K^itbiaw^* the b^t exposiirfis b^in^ found arounid Chirakhan and in 
the Alirajpur-Jhabua area in Gujantt. They rest on the ancient metanior- 
phic rocks and attain a thickness of 60 feet or more in Gwalior State but 
arc believed to he much thicker in Rajpipla State. The iow'er part ol the 
beds is arenaceous while the upper is mmnly caJeareouSf 

Near Bagh, the lower beds consist of a basal cong^onicrate with sand* 
stone and shale layeis above. Tliese arc called the Nitnar SandstoncSw 
The upper portion consists of three ilivisiDiis, a lower noilular limestone, 
a middle marly bed (Dcola marls) an<l an upper coraUinc limestone. 


BA^h Beds 


{ 


I>HDeaii TrB[Hl 


f COiraUfcnr Umestoiic 
tapper ... < Beolft Sinrls 

L Nodular argillac^us liiAc^tone 

NimAr Sandstone^ 


MeUunarphica 


The Nimar Sandstones thkken when followed westward&. They 
yield good and durable building stones. i|uarrk ^3 for the extractk>n of w'hich 
exist near Songir in Baroda. The Nodular Limestone is compact, argilla* 
ceo^is and light coloured^ The Deola (or Chirakhan) marl is only 10 ket 
rthick but richly fosshifenous. The Coralline IJmestonc is red to yellow in 
colour and contains abundant fiagments ol bry^ozoa. The Deola Marls 
are the chief fossiliferous beds^ hut closely related fossils occur also in the 
limestones above and below them t 


Bnichlopoda 
OphalcrpcMltt + + A 

LArnenibrAnclu 


Gaitropods 

Echimadi 


Aro^u^iVAyiifliiu (mykthI 9t9£cks)- 
... N. bom, 

ftig<?noidis^ C. ptams.^ima. nfflrrffi. 

Pro{f>C«riiium ponduhrrrir**^^, Cardium {TfSeky- 
incompfitm. Mmrxanisiii ct st:ufpluraiat 
Crfftriam cf- juifQsa, C 

mHUipiicatust I. latm^cki. 

L>TFri ffjwHJffsrf. Fiiif^Uraria Foiei'p/ffna 

Titrriulia 

++. Cidarii namsJka. Saitmia kfaiivigfi, 

nomadkum, Ortkcfpjii indico^ kaydrnk 

E. m&Inotnsis, Pfmmstsr cfin™iojif»ja. Id. chk^- 
bham£r3ik. 


This fauna is referable mainly to the Turonian^ perhaps extending from 
Cenomanian to Senonian, according to W. Chiplonkar. 

In his examination of the Bagh beds of the Dhar Forest area, V^reden- 
burg came to the conclusion that they were contemporaneous w ith, and 
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represented the marine faciijs of, the Lamelas, The fossil evidertce points, 
to the a||e of tht'Se beds as Cenomanmn to Upper Senonian, 

The fauna of the Ba^h beds has a dose resemblance to that of the 
Cretaceous of Arabia and Southern Hurope so that it is thought that the 
area was occupied by an arm of t!ie Tethys. There afO> however, some 
elements which show alhnities with the South Indiaji Cretaceous— 
ifKurditm pondkhmitfise. Trackvacardium vicomptHm, ^f1X€roca!lhtil d. 
sculpturata, Tfirritella (Ztmti) muUisiriaia, and the Uttattur forms Gr&inmat 
cf. jugosa and Crassinefla cf. pianissima. The available data are not 
sufficient to infer an intermingling of the fauna of the Tcthyan and tndo- 
Pacific (Southern) regions. 


SOUTHERN MADRAS 

The great Cenomanian transgression covered a large area ot the 
Coromandel coast from near Pondicherry to the Cauvery vajley. The 
Cretaceous rocks are found in three areas separated by alluvium of the 
Pennar and VVIkr rivers. There is, beside, a small patch to the south 
of the CflUVTtn,', a few miles w'est of Tanjore* The largest of these is in the 
north-east of the Trichinopoly district and occupies about 250 si^uare 
miles. 


Trtchioopoly district 

Here the rocks lie cm a platform of granitic gneisses and ehamockites, 
a thin fringe of Upf^ r Gondwanas inter%'ciiing betw^een the setliments and 
the Archacans in a few places along the w^estem maigin. On the north 
they are covered by allurium and on the east by the Cuddalore Sandstones 
oJ Miocene age. The Cretaceous rocks are divided into four stagus as sliowm 
in Table 53. The oldest stage is found on the west and is successively 
overlain, and in places overiapiJcd, by the younger ones which occur to the 
east. The general dip of the formations is to the east or E.S.E. at low 
angles^ Slight unconformities exist betw'een the three lower stages, though 
these are not prominent. 

Uttattur Stage.^—Tlic low^est beds are named after the village of 
Uttattur [about 20 miles N.E. of Trichinopoly) which lies on the- western 
margin of the Cretaceous strata. This stage Bos on chamockites for the 
greater part, and on gneiss and granite at its norlhem and southern ends. 
Near its junction w'iih the Cretaceous rocks, the chamockite is heavily 
weathered and replaced by or veined with tufaceous limestone fkankaiy 
matter)* Upper Gondwnna shales and sandstones intervene between this 
stage and the chamockites in a few places, forming four of five separate 
patches. The junction between the Gondwanas and basal Cretaceous. 



^rt^ichc^rj. 


irf d 








iU4^^iwjfdi9i 

Trj^irUif 
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rocks does not show any disconbmiity imt a thU\ femigitious bed may be 
iseeti inters tiling between the two. Thu niitcrop of this stage is 4 to 5 miles 
\^’ide near the southern end but narrow-s down to less than a milu in the 
north, being overlapped at both ends by the next higher stage. 

MAP XII 

THE CRETACEOCS ROCKS OF TRlCHlNOPOLY 


kHtnifur 


ArjuwpLi^ 


7r^ 


i\tr fjjtbji^ir 


Op . i 


The Uttattur beds constat of fine silts^ calcareotis shales, arid sand) 
:bj '5 containing ferruginous, phosph at ic anti calcareous nodules. The claj-s 
lit! often streaked with yeltow and brown ferruginous stains. At the 
base, in a few places, there is a dark grey, somewhat arenaceous, limestoiifi 
which b usually weathered (to a depth of 10 to 15 feet} to a yellow colour. 
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It is locally of the nature of a coral rag containing corals and other fossils. 
It IS locally used as a building stone and. since 1940. for the maniifactuie 
Of Portland oeincnt at KaJIiilikudi (DalmiapLirani) rti?ar Pullambiaiii This 
mral reef limestone is found in a places at the base of the Uttattur 
Stage. It shois-s the remains of corals, sei’eraj foiaminifeta {Nodosaritt, 


Taule 5J-^RETACEOtJs Succession in Trichinopoly 


A|5c 

SatBRe 

1 - 

1 Hfflteiiptioft And fpflait* 


Niniyuir 

1 Whftp BBody Hioc^tonv^ and tstodfCoim 
wjith Lyria 

CodaAia pfFtP^sit, Styiindt fiwi’ula. 

•MARltridhkian 

AriyaJur 

I lfpp*r : Sftndy vtrBtjk without 

IScpoTi-uiiv 

1 

i ' 

; Pale s^nda and with Parky- 

ditem fgtrfowi, P, idaCodf»siM, Bmkmaiiei 
Ifr^hna, iragtna, 

1 Bwypkafa^ 

' p*si£ulftHit unFuJuid, Siig- 


! 

Trichinopoly 

* 

Upptr : Saddstooes^ tlayi with Plaexnti^ 
€^ai iamuliffum. Srkiotmbarkia drxvidiiMmt 
Hiifwocmi itsdkum, Ftiwi^ariis 

T uroniati 

Lottrr : S^ndstoTica. cU>Ti juiiiJ shdl lime- 
Atones with Paekydiseur pttamptus. 
^^fkia (Pfi*iOeyEtu.s\ idrtaikarinaius, 
Twigartta frtckim^ifrttsis, PrH^cardium 
ktlfamum. 


1 

l^ttAttur 

f 

Vpptr : SiLody bcflj^ with Afaiif,wi/e-i f^wi- 
liiudm, Arattiktic^ yauidUE 

hHikyanm. 

Ce!D0iTi4knjAJj Ut i 

iippcrmoat ‘ 

Aloian. 

.\H4dU : Cl&yi.with jteaHfit0(trat cf. rkobh- 
J. mrnttum. A. toIttMimmit, 

Turt^iliUs Caitahis, Ai/Etwytmia tmtinMr 


1 

f.crtPff : Basal htflrttonc aidl coral tbr with 
cky* above, with SrU^K^ckiA 
dispa*, Turniitr^ 

Hamikr armoitts, BeUmmUts^ 


Orhulina, Ttxhdaria, RMia, etc.) and algae fSofenoj^u, Matindla, Pseudo^ 
hihothammum etc.). At Kallakkudi (Cullygoody in Blanfoitl's Memoir} 
mis IS said to contain some pebbly limestone at the base, interpreted by 
of. S. R. Naraj’an Rao as pcssibly derived from an cailier Jurassic 
iimestonc which is said to expiain the presence of characteristic Jurassic 
algae m them. The succeeding beds are cUys of buff colour streaked with 
red and yellow and containing thin bitercalations of sandstone. They am 
traversed by veins of gypsum which are up to live inches thick. In certain 
14 
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CRETACEOUS FOSSLLS 1 
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ExrLANAT10?€ or Plajk XIX 

1, BtkinniUi fibula (l/JJ* i fi. stilus (J/JJ, 3- B. utiustu (1/3)* 4- Saufitus 
ixmtJulriiimiU (1/«, 5, X. sitmntimis (1/6). 6. X. bustfyanms (1/4). 7. X, daniem 

(1/6). 8. X, forbrwiamu (1/4). 9. Pi^/ttactTOs fprbssiaUum (2/3). 10. PhyBcsems 

wl/nto (1/3). 11. Pbyttoaras tvrya (l/Q, ir LytMSras iGaudry-tno*} boyti (2/3). 
13. Lyieetfos (I^smtapkyaitfii iudra (1/4). 14. Lylostras {Gamdryarasi rawsgurmss 
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XJV) 

areas similar but sparsely distrihuted wins of fibrous cclestite, baiite and 
calcitp also occur as ai^ calcareous and phosphatic nodules up to six inches 
long. The upper beds are more arenaceous and show curreiit-lx-dding. 
There must bE^ve been an interv^aJ Jjcforc the close of the Uttattur times 
when the sea became desiccated, impregnating the se^hments with L^toum 
^nd salt. 


I he dips are Jow^ ainl irregular, from a few d^rces to as much as 25 
degrees towards the east or south-east, the avernge Indug about lOdegrc'es* 
The thickness of the Ldtattur Stage sliouid however Iw more than the 1,000 
feel allow ed for by Blajjford, and probahiy about 2.00D feet. 

It is notew'Drthy that though there is some ciiltivitlion in parts o( the 
occupied by this fonnation, where ii is co%'ere<i by soil, there are tio 
villages on it because the subsoil witter is saline* Even the streams entering 
the area soon become saline and deposit salt eifloresct nces when they dry up. 

Fauna.—In the lower portion in some placi^ numeroiLs 
guards and other fossils occur* Arnmonitt^, including some nncoiied forms 
are found throughout, ofien in noflules partially replaced by gypsum or 
celestitc or limonite, w'hen the finer markings of the shells disappear. 
Near the top of the stage, several large ammonites are found* the largest 
moasun^ by the author being 43 inches in diameter and too heavy to be 
lifted by a man. Three divisions can be recognisetl from the faunal content, 
the lower with SMoenbuMa (Prrriw^wjVrm) in/iala, the middle with 
Aai^k^Ket{i$ ch rhiJimna^fn^ and other siiecies and the upper with 
conaliahts. According to F. Kossmat, the lower two divisions 
are of uppt'imosi Albian and Cenomanian age and the upper one of Lower 
Turonian age. 


Gaitnopodi 


Lamellib^jicha 


.Vr/iHAi ijr^t-4^^ riimirWa SmlA tkmfmiinMt 

Lishrina nilCrNiMvl^. 

Gtctrtana Ttigomarca 

/RfA^dMui Ngii^a ^uinfufcoitata, 

flwifl dituinama, Gryphata 


’ iTHragamiSrt) tpifamum {l/J), Lyl^ai [TrirofMiiUs) 

lyovuw 17, ManiiUi (Anisocffasf imiieui (IfJ). J 8 , Saculilti tmgiMit («, side 

f' ^ • *' CM) 19. rwmWiSfj tiramUitni,aui (Id), 20, 

WieWifu* fiffl. n Somn^mt- 

jitrjt fit At, Hpl (l/Ej. 24. S^o0mbiKkia [Peromi^^a^) dfjsm^ 

1 ^ ^ SMi£jkaia dupar 26. laikUvum m). 2L Aam- 

n/4l (1/3). ». Aa,ntk0«r«t mmmN 

( 1 / 6 ). 31, 32 Srapkim Miquus (1/3). 31 
mil""'?#: OU,»ttp)mnui SMptwMi (1/3). 35. Um- 

»«»"«» (t/3j. 36. //ofeerfMTMj ei6eivle> (J/2). 31 J/aTferfimi. W/e4.-Mis (1/2). 
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Cephalopodi ... ... Jibula, B- shivs : S&uiUtis AuxffyirnHS^ 

N. spitadfns. N. m!ii4irt»t¥ifitJFp A', ; Sckltt- 

in/Iata. Sl€ilitsk«ia disjfar, A^ranlhoCems 
cfr rkiii<?m4^enfiff d- coleroQtwAS^if^ -H* manieiiif 
LyfX4fiiS timolktawfi sacya. /or- 

A^iiaNUPfi, Mamtnil*i cifniiliaiut, Juis^^txras armatim^ 
Tirfnli^s bergiTK T. £^Mialus,Ptychocf¥mfarbisramtm^ 

■ BatuliffS 

r^ralf ... Cflry^kytiiis gmnuh/f*^. I^laiy- 

cyaihui indicus. SiyliHA muifisl^^la. S. gtaMdi^u 
Thxifsmilia gjmtimla, ItasiFom Tkam* 

HtlwjN>ra ^^tuardsan^. 

Trichlnopoly Ttiis stage is unfortunately named, since 

the city of Tricliinopoly (TimchtrapaJl) is at least IS miles from the nearest 
outcrop. The best kno^vn villages on this stage arc Gaimdarnangalani 
and Konnann. It has a maxitnum width of 4 miles in the south-west where 
it overlaps the Uttattur Stage and rests on the metamorphics^ It g^duaJly 
naiTovi^ dowTT northwards where it is o^ncrlappcd by the succeeding Ariyaluc 
Stage. 

The Trichinopoly Stage seems to have been laid down after the 
Uttattur Stage was slightlv upEifted and denuded. A slight unconformity^ 
sometimes marked by a bed of conglomerale or coarse pebbles, is seen -at 
the biTsc of the Trichinopoly Stage, but this is not always noticeable since 
the upper Uttallur bt*ds are arenactrous and similar in constitution to the 
succc^ing beds and angular unconformity is not easy to detect In the 
ltt<^Iarly dipping strata^ Some of the conglomerate is full of gianite, 
quarts and feldspar pebbles derived from the granitic area to the south 
and south-west. 

Tlie Trichinopoly Stage is a KttoraJ, shallow- marine formation con^ 
sisting of sandsloncs, gribi, calcareous grits, occasional shales and bands 
of shell limestone full of gastropod and Uuncllibranch shells. Tills shell 
Umestonc (found near Pullambadi, Gamdamangaiarn. Anaipadi, Kunnam 
and other places), is a beautiful ornainental stone capable of taking a good 
polish, the white or opalescent molluscan shells being embedded in a very 
bne-grained dark grey matrix. 

Though there is an tuiconfoimity at the base, this Stage has a general 
dip conformable to that of the underlying and overlying beds. It shows 
large trunks as well as broken pieces of fossil w ood in several ptaoes. One 
of these, discovered in 1940 near Sattanur by the author, measured 86 feet 
long and 54 inches in diameter at the base, Several smaller opaliscd and 
sOkihed trunks w^ert found east and south-east of Gamdamangalam* 

The Trichmopoly Stage has yielded a large number of fossils, the 
majority' being lamdlibianchs and gastropods, a change of fauna being 
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ExflanAT ioiff op Platie XX 


3i. BraAmtihj irakmm fl/j). 3#- ^ _ 

i>mb^ iUi). 41. P<i<vi>*«iu (J/4). 42. s/«>oJ«tJll/47 

'4*- /4 JJL 

1 V/„; ■“' f l/3J. 37. /?#rf*WjnVi>if/ifl4, (2;3), 48. Cyb^ut 

(t/2). 4>. CTonitia iHdif4‘ f2^j). jo, Futgantria tlottgaia (1^3). jj. FasciataH* 
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indicated after the Uttattur times. The uncoiled ammonites clmrac- 
tcristic of the Uttatttirs— TurnlUfs, .Isijoccrds—are apparently 
rare in this stage. The chief fossils of this Stage are . 

CcphalopCHlK ’•■ PfroniirrRt rfron-rflfum, twaadryefrai var^i^Urd^itii 

Pmfkydiscia /Mtampluit 
Parap^hydiiCWS k<dut»nHiis, Pn<^t^ocyc^tu s^rrmit- 
fsWHM/FfK»t, f^audam^, 

iiigaia, {KosinuUic^^iii 

ikco^dmuux. JL (/f .) frAoi'tfUJ- 


Gaatroped^ A/dri4 iegulaiit, Pssiifllaria pulliafiM, Cypr^t^ i™' 

h<ddi. Cdisiio indk^, Futgumria elcngata, Fmeto- 
fiffKffitfc iftmtfHitts ci*i£iws, 

TurrUtH^ Ckimn^izia umiata, 

duipifnsy Fuinxhus Acta^XrM turrkv- 

Iftius, ampla, ntnialtHm crassulum. 

LoniFlIibmrich^ ^*irlr>'rtJi*a dtitmaHa, Spufudylus eakftraiut, 

Mtydiottr iypica, Jrigimafca 
tritJtintypoitidtiis, Trigsnm Utiitva, Proit^f^rdium 
ptfUduh^rUns^, P. Ad/yMWFw. Tr^£fyc4rdittm iniimp- 
$tif», Clikma I'fii^rartJr^ Pam^pta ttn^MiaiiS^ Ct>timya 
MAamtaMa. Ct?rbtiia pursHtn. 


CrtfaLl TrifCksfmiha *«/io 4 , hasirw morck/Ua. 

AHyaEur .Stajle— Taking its name from Ariyaltir town which is 
situated on it, this stage is more extensively dcvelopetl than the lower 
ones and consists of grer>^ to light bpiwn argilkcoous sandstone and white 
sandstone. Fofi^Us occur tn the calcareous, somewhat nodular, shaly 
rock w-hich forms the lower part of the stage. The up[>c r part consists 
of white unfossiliferons sandstones. The strata are regularly 
bedded and a]ipear conformable to the Trichinopoly Stage, though here 
and there conglomerates occur at the base. Morco\^, they overlap on 
to the Uttattur beds in the north. They are found as detached outcrops 
in tlie V'ridhach alam and PondichcTry^ areas and as small jKitchcs amidst 
the alluvium a few miles w'est of Tanjorc. To the east they are covered 
by the Cuddaiore Sandstones. They have a gentle easterly or north¬ 
easterly dip {[averaging 3 to 5 diL'grces) and attain a thickness of around 

11/2). 52. Ailiuonfilm cyiindrira (2/3). 53- Crfif^iw™ awfid^mt (2/5). 54, 

Ashifla pMrpHriprmii (I,'5). 55- muitisfriafa 56- Ck^mMU^- 

HHd^fA (t/3). 57. Piaptra pagada j2/3). 5S Amputima kuibi/ormii (1/1). 5^ 

Cyri}d£s pMUs ( 1 / 3 ), 60 Sfriia dnaru^ {1/2), 6t. GnffridHa jugaia (1/2). 

jaqmoii (I/I), 63- raFn/WJ*! (TriicA^^MrrfpifW) (1/1), 64- 

Prokxstrdtnm pandukd^iduu (1/3). 65- Tucimt (Ce<laAt#) percreasA (1/4Jh 66- Tngi>- 
ttar£^ fl/3). 61. Macrodm IGramm^odon] Japiikum {2/3). 68. V^* 

[1/3). 69- Ewteyw^ nslracina ((^2), TO, Slygmatif^ygM tiaius {1^3). 
7L jtlKtriiyeitiu [IW, 71. C^tyophyliia artttinsis j1/3)< 7J. CydolUtf 

Jilamdtfina (1/2). 
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1,000 feet. Though shoJlow water deposits, they' are not coastal deposits 
like the Trichinopoly Stage* 

The fauna of the Ariy’^lur Stage rcscittbles that of the uriderlyifig 
Trichlnopoly Stage though many nw fossils appear. There is therefore 
no faunal break between these two as ts evident between the Uttattur and 
TrichinopoJy Stages. The fauna includes reptiles, fislies, mollusca, 
edunodeims, brachiopods, corals and bryoKoa* amongst which gastiopcMls 
and lamellibranchs are the most numerous. The more important fossils are : 


Reptiles (THnoflanm) 

... Otodus, cf, sp.. PiyzMpdut 

C«p]i.ilopod» 

+ bmtcAardi*HUf, *V. N. vaiud^rm- 

rmtis, N. \ Sikacntackm WaM/pr- 

(tiana, bkavam, K. paiijt£um, K. 

Saculiitx^ 

BrahmatUi 

disfuj P, r^trfOHiawmt. JP- 

Pitekydi^us rrifA»a, HttUiriur^ gardmi^ H. rimbdaf 
Pusatia vart^tm. 

Lamelllbranchs 

... Alf£lryi>»i^ ungufai^a, PkshBdamya fau/^/a. Cyprina 
erittata^ Trigonia a^ntloJir. Trigi^nsrsM 

Ma^odm J^priuum, YoUm sfriatula, Raduditft 
mMidbiiift, Inocrramus 

Castropodi 

*.. Pug9KlIm aue^ui, RffsitiUsim pttiliftitt, Atariii UgH* 
Cypraea kayti^ Fuigur4iFiii ri^ngala, KaJiifa* 
tiikrf $tpitmtif§tata, NrptuM^P rkamit&idiiJis, Cohk^- 
arffl bfgmplusJa^ Cftiikium C. Jtawu- 

rense, THFriSrlla p&itditkffFriftmi^ T. dispitsta^ 
T. (Zdna) fHu/nVriafa, Eutpsra pag^a, Cyrbdds 
pansus, iddem CWrvgvium, Aciatt^n pugiiii. 

Echievoderms 

Stygm^pygHs ^Valvj, m^iarms, Epi^n^ 

mobilis, Cidarii s^^pfnfrro. 

Corala 

H.* Cydidim ppnr^it. 


Nlntyur Staf^e.^—^Tlic fossibbeaiing beds overlying the Ariyalur 
Stage are regarded as a separate stage. They are well exposed around 
Niniyur (Nanniyur) and Sendurai, north-east of Ady'ulur* The rocks 
are grey, brown, oebroous and calcureoas sands and shales, in which there 
arc fragments of flint and chert containing algae. There are no ammonites 
in thi^ istage, but the presence of Nmitrius danicus, and 

Orbitoid^s minor fixes its age as Damian, The fossils found in the Nintyur 
Stage include ; 


Ophalupid* 

Ssuiitus (/f<rra|^a) dameur, +v, f/f.> iamttliim. 

l^ira^llibnLschit 

... TfUina mrcofrrniii^ Lwimt fCpdiAlia) p#Fr^ls«. CardUfi. 
jaqvinoti. 
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GaitropcMls 

Corals 
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rs€udoitV4t IUmpira liisia, Saluri™ iirtO- 

t^5€\, Lyria ffJTmvAUf Tttmi^Ua 

CarWpMyilia HYe^ensti, S^'iina pflfvu^a, Thatitnaiftmm 
brrvipff^ 


^ ^ OrbiI<»d^s mmor, 0. pnjasi 

mssyckifitlia In^opfrlia jfliyaianiK Ackm- 

iawia d[>^u(fw/*rtrfW, Paraih^dfi^s aiV&pOiif. .4/^Aflaip- 
sp., OtioporeUa m&iitviar. 

Prof. L, Rama Rao and collalwrators have in recent yeax^ studied 
the fossil content of the Nitiiynr IxsU. Ttie nctdular liirostonc at Athan- 
ktiiichi (AutheiKoorehy) contains a rich algal flora in which Pftrac^^i^s 
Archafoiitkoihamnium IttgiKtti, DasifJaddla savttnai. ^ciciiioJTifl 
dytimaisenae, Jfidoptilia sdyavanti have bven identified. The flints and 
cherts in the Niniynr group are also rich in algae and foraminifera. 


Vrlddhnchalam Area (South Arcot) 

Bey'ond tlic Vellar river, near VTiddhachaiaw. the Ariyalur beds 
eineree out of the alluvium and ate overlapped on the cast by the Cudddore 
Sandstone. They are e.sposetl in a strip 15 miles long (N.fJ.E.-S.SAV.) 
and 3 to 5 miles wide between the two rivers Mantmukta and Gaditam. 
Tlie strata are of the same nature as around Ariy-alur and have j-ielded 
rngema smicuita, Jieithta guinqueseasiata, Pecien rerdachetlfnsts, etc, 

Va!udaviir--PondlchcrTy Area 

Further north, around Valudamr (10 miles \\. by N, of Pondicherry'} 
and in the erstwhile French territory of Pomlkherry', the upper stages of the 
Cretaceous are exposed in a strip g miles long (N ,N,E.-S.S.\\’,) and 4 miles 
broad. A targe part of the area is under cultivation or under water (fnnds 
or tanks], l)r, H, Waith. who invt«tigatcd this area in 1895. distinguished 
six lithol^ical horistons designated by letters \ to F, but the investigation 
of the fossib by Dr. F. Kossmat proved that only three faunal honmns 
could be distinguished (see Table 54). 

The total thickness of the strata is about 900 feet. It was originally 
thought that the L'ttattur and Ariyalur Stages were present here, but later 
work by H, Warth proved that only the Ariyalur and Niniyur Stages were 
present- 

Some limestones from the Xerinea Beds in this area have yielded 
Diseontiina and SummulHes which appear to ha\'e been mistaken for 
Orbiioidfs and AtHphisUgina by Kossmal (L, Rama Rao, Cttrr. 5ei, 7, 
No. 5) and which prove that the strata art of Palcoccne age. The presence 
of the Eocene ia the Pondkberry area has also been pointed out by Furon 
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Table 54— Cretaceous of the Posoichfrry Area 


Staac 

lieds 

Zone PwtTptkin and fosaij^ 

a 

R 

Z 

Kmuea Bi-ds 

1 

F, Yelbw, samewhAt Mtidy Eimcstoqes and sanda with 
cakarmas nadul«». Tbe limostmw enntam 
fuceid casta, whilt! thir saads contain 

Caryophyinii, larg^? aastnopcHiR and Naulilus, 
FoiUils : A'ffu/ilu-j 4iiMku.s, N. tamuJicM, N, mt- 
: NewiKM s^p,, C^ikivm hofasurtnsii ; 
Catyophyiiin awaaemsis, Cycli^itfs conifidsA ; 
abundAiit Orbiitiiites. 


Tn^oDaroi 

Bedx 

E, SbeJI limtTBtQfie oex-urriDa » noduks aod bloclra in 
marly aidd Saody FtraU. jf/anu-alfjia 

abundant. Many fo&ails cornmnn to xouh ]> 
and £. 

CycWifM iMmifiaiia, 

pMudopkyfiUtf iffdra, Prakwtaita^ hrakma, 
va^imt ; Pn^yra Ate^ryowia 

PknMomya Jiuvrad ; CyptOta kayffi^ Turtii^ 
br^anli^ma 

%- 


D. Sandy shalea with phosphatic noduJes wkich otten 
rep^e fouila. TrijfMdi'fifl ebafaCtc- 

rifitic : AkcfryctMm Exoj^yra &sftacim ; 

+ T'tfjnV ^//0 breiiHrina, Nrriift diparicBia, 

Jaria Maerodtm japftiittm. 

I 

Vftludavur or 
Anttocena 

*Cr Loose bloclca: o( fine graininl calcarcoiiA pock In »ft 
inarL ^nifwraj common. vagim^ 

Caudryi^rAs kayci, Ps^mdApkyUitet iWra, SpJmo- 
discus JIM, Parapackydisfm m^U, P. t^erimu 
BraAmaiits t'raihiffiT, .dnijwjnx tifdicitiif, A. rv^ 
f oJhai. PkpiadimyA Irnfma. PhATtHa dili&iiuifS ; 
Mt^UAIoria pAltiata. AihUfA pH^ii7i/i?fTnij, Tiir- 
ritellA pmtdicAfrwi^sis, T* WatiAk Trashuf 
orcciamif^ BuiliitA entas^m, Dtutalmm atCQtimmm, 



B. Coneretiofla in sandy matrix containing many of tbe 
fgasils OCtarring an Zone Cr 

1 ' 

1 


A. ‘Whitiah aands with lirac noduks containing only 
annelid tracks and detldcitic markings. No otlu^ 
fowUs. 


and Lemoinc {C&mpt. Rend. Ac. Set. 207. 1424—1426, who discovered 
undoubted NummuiiUs in bore-hole cores obtained from a depth of about 
ISO metres. It is likely therefore that the Danion Beds of the Pondicherry 

coDtlnuc UDuiternipti^dl^^ into the Eoc&rbe, [t i§ also likely that 
similar beds will be found below the Cuddalore Sandstones in the Canvery 
delta east of the Ariyalur'Kiniyiifr and Tanpie areas. 

RajamahendH (Godavari Diatricr) 

In the vicinity of Rajamahendri (Rajahmiindr>’) at the head of the 
Godavari delta, the Upper Gondnuna rocks are seen to be superposed by 
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PLATE XXI 


EKn-AN&TlOK OK FUlrB XXI 

t. (2/3). 2. S^oy0 ^^o6« (2(3) 3. Votulccvfi^ indil^ 

(2131- 4- Cerrfi^ii iV^)- 5- Dipix<mu^ thgans 1*/ 

Hautaiu biamfotdi (IJJ). 7, Ef*HKrf«ii>;«# grUtbeehi (1/3). 9. ayj^^mf^s 

Mw^ mrniimmiifi €^mpri4SUl ofdham {[(2). iU 

^pa,s. tl/4). 12. (1/2) » j^.4 0/3). 

14. (1/3). 11 P^tty* «iH5iWJta/w (1/2). 

4- iP«Af«i (2/3). 17. Av*ll<>Ha tmpla (2/3). IB Phfm {BMnms} pr«^«pn (1/3). 
19 Lynmooi i»frirfii(tt (2/3). 20. .Va/ifi» tioddmtii (2/3). 21. iUgans 

0/3). 22. CmiJMupfi *torf4-rti (1/2). 23. TwriUlU pr«ttonga (1/3). 24. VtMryo 
Jmife^i* (2/3). 25. Vainati^ muUiraniUila (3/2). 


estwirinc sandstones and limestones of a total thtekneas of 50 feet and thc» 
by the Deccan Trap®. Tbe limestones, which fonn the upper portion, contain 
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bivalves and gastropods among which Turriiirlia b vety contcnon. The 
faaoa, though not in dttail. is thought to he related to that of 

tlif Ari>ralur Stage. From these beds HX+ Das Cupta obtained Nai4flHs 
datikiK, w hich indicates Djinian age. The fossil algae conL^ned in Hiem 
tie long to Niom^ris, Actctiluria and st>me Charophyta which, according to 
Sh li. Nara^rana Rao and K. Srtpada Ran indicate early Eocene age^ 


ASSAM 

Marine Cretaccons rocks occur in the Garo, Khasi and Jaintia Hills, 
the Iwds being donvinantly arenaceous, with occasonal shales and carbo¬ 
naceous material. Jn the Garo Hills they rest on a gncdssic platform and 
arc composed of sandstones with some coaly layers. In the Khasi and 
Jaintia Hills the basal beds am conglomeratic, reaching a thicknc^ of up 
to 100 feet. The conglomerates are succeeded by the Mahadek and Langpar 
Stages, The Mahadek Stage consists of hard, gritty coarse gUnconltlc 
sandstones with a fossiliferous horizon near tlie top. The maximum 
thickness is 750 The succeetiing Langpar Stage^ w'hich is up to 300 feet 
thick, oonsists of impure limestones, cakareous shales and sandstones. 
Some Impure limestones found in ^lanipur are probably of this age. TTie 
l>est exposed section near Therria Ghat is shown beloW'; 

SaJidftonea jknd aluics with thfn uedy 

hmrstaqe ... lOD 

Yellaw^bfnwn impurG with baoils of 

iandy l^ca ,** ... 135 

Slialci with thin hmutDoc and argilUceQaU 

^ saudston-g bandtt ... ... 70 

TSandy ihales and sonditPlin ... 40 

! ShaJes mainiy (mit eipci«djl ... ^ 

H Greenish sandstones ... .., .#,40 

Hard ^tty nndston«s with a thin 

^ to^ililcfous sandstone band near top 650 

The Cretaceous Beds ane 600 to 1,000 feet thick near the edge of the 
AsLsam plateau, ha^Tog gentle dips on the plateau but plunging steeply 
dowm the southern Oanks under the alluvial valley to the south. There are 
several isolated but small outcrops on the plateau ; they axe mtenestiiig 
as indicating the large origuial spread of the Cretaceous rocks on the plateau 
region. 


Langpar 
Stage 
(303 fi.J 


Mahadelc 

Stag^c 

(770 ft.) 


Fossils have been obtained from the liard giaucooitic sandstone band 
near MaJiadek and from a locality about a mile north-east of Therria Ghat 
on the Chenapunji road. They Include the following : 


ForiuDimfmt 

Echinod^ms 

Br^chiopods 


,.. Orbii^idt^ ip. 




iiky$uhoJt*Ua d*pr*S$a, Ttrtbrpiukt WfliS. 
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LamclilLbrancha 


Nfithjra /mjmi, h^'ola propimf^tm, CA/am^i cf. 

^im, Oslm {AifCfryitttia} arcotgiuis, 0. {Alfctryonia) 
CrypfMfa Lima oeOtei, Jna^fra^ 

mus 


CaAlrcipOil^ 


... Hfkivn Mr*‘u^ttfwPWj Nsriia dtparicaia^ NatUa (Lpfnfifiaji 
larML rwFTi^JJd pondickerrii^rmt, T. mulfiiiriata, 
Gyrpdfs ptinsu^, Campaniit iMrrikUoidn, ApOrfhiiis 
kguJata, Rtiikiiaria paUiaia^ Cypf^ii cf. gSabKkn0* 
Lyria traSSicii^iiitir 


Cephalopoda 


+.. Baiulifa vaginn, Purasia 

pittnulatiis, Siedkikaia dispar, AnhoE^fni itidkuwPr 


The As^m fauna, is A^ery closely related to that of the Ttichinopoly 
Cretaceou5j especially the AriyaJiir Stage. According to E. Spenglerp it 
is of Senonian age. Very similar fauna is found in Natal in South Africii 
and all the three apparently lived in one zoo-goographical province—the 
Indo-Padfic. As already mentioniHl, these faunas ha\^ only a small 
degree of resemblance to the Bagh fauna which latter is related to the 
Baluchistan-Aniblah (Mcclitemncan) Cretaceous fauna. A fairly elective 
harrier seems to have exusted, ^vhich prevented the free intermingling of 
the two faunal groups, though there connection by a dreuitous route. 

The oocuTTcnce of Cretaceous rocks in other parts of Assam has not 
been definitely establishiKl. It is however probable that the lower part 
of the DUang Series is of this age. Some limestone found around Akral 
in Manipur may possibly belong to the Cretaceous. No Cretaceous rocks 
have so far been reportrsl from the littlc-exploriNl sub-Himalayan region 
of -Afsam. 


BURMA 


In the vicinity of Kalaw in Southern Shan States there arc soft friable 
purple sandstones, known as the ' Red Beds \ ovcrljing the Loi-An Series, 
They contain Tumiiks artd EacMWes which Indicate an Upper-Cretaccous 
age. [n Upper Burma, Cretaceous rocks are known to exist in the Jade 
Mines tract, in the region of the first defile of the Irrawnddy betw^een Sinbo 
and Bhamo, and in the second defile in the Bhamo district* The rocks 
are mostly limestones and calcareous shales contaiumg OrbUoltm and other 
foraminifera and molluscaji shells. 


AR/VKAN YOMA BELT 


A wide belt of Cretaceous and Eocene rocks stretches from Assam- 
Burma border west of the upper reach^ of the Chiudwin rivers, along the 
mountainous tracts of the Arakan T'orna clown to Cape Negrais* Our 
knowledge of this belt is fragmentary^ since much of the area is covered 
by mountaios and forests difficult of access. 
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In the Sandaway district of the Arakan coast there arc some argilla¬ 
ceous Limestones of creamy colour near Mai-i, from which ScMc^^ohachia 
a Ccflomajikn fossil, has becfi obtainecl. In the Ramri island near 
the coast of this region an ammonite identified as AcanihGCtras daviess 
was lound. which, according to G de V. Colter {Rrc. 66 p. 225, 1932) 
belongs to the cciftfraowrflisjj group which is characteristic ol the 

Uttattur Stage of Trichinopoly Cretaceous. 

The foolhilts oJ the Arakan Yoma in the Thayetmyo district have 
yielded Cardiia beaum^rUt, Orbiiaides and some lamellibranchs. The rocks 
of the Yomas in Amkan are known to contain Placcnikt^ai and Xforl^Hwras. 

The Negrais Series, consisting of grey sandstones, shales and Ume- 
stones, occurring on tlie flat^ks of the Yoina north of the Cap^ Negrais, and 
extending to the Prome District, is considered to be of Cretaceous age. 
It is intruded by peiridotites and serpentines. 

The Upper Axial Group ^t>tains Cardifa b^aum^mli and other lamdli- 
bninchs and gastropods and is therefore of Cretaceous age in part. 

IGNEOUS ROCKS IN THE CRETACEOUS 

Reference has alrsidy been made to the presence, in parts of India, 
-of igneous rocks in close association with Cretaceoiis formations. They 
comprise acid, l>asic and ultrabasic types both in the intrusive and cxlnisive 
phases. They occur in the tiorthem zones of the Himafaya, in Kashmir, 
Idaluchistan, Burma and in the Peninsula, the last being the Deccan Trap 
which is dealt with bi the next chapter, 

Vokanic breccias and lavas of basaltic and andesitic compositbn are 
intimately associated with the ' exotic bloks * of Johar^ Ehakhdbura and 
. their neighbourhood in Kumaon, They are considered to be of late Creta¬ 
ceous or early Eocene age. In the Buiril-Dras region of Kashmir marine 
Cretaceous limestones arc seen in association with basic lava flows,, ash- 
beds and agglomerates, and also with intrusive homblende-granitc porphyry, 
gabhro and serpentinlsed ultmbasics. The volcanics have a bedded character 
and are intercalated with the Cretaceous Dr^j/ohiirt-bcaring limestones and 
shales which have undergone folding. They are occupying a large area in the 
Borzil valley and have a thickness amoun ting to a few thousand feet. 

The sediments and volcanics have been invaded by bosses and veins 
of homblende-granite and serpentine which are therefore younger than the 
volcanic rocks. The homhiende-granile of this region, which appears to 
lie identical vdth similar granite In other parts of the Himalaya, is therefore 
post-CretaceouSj, probably of Eocene age. 
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A short distance to the west ol the folded tanges forming the ^tnd- 
Baluchistan frontier, is a belt of bask and ultraba^c roclcs of Cretaceous, 
and Niimmnlitic ag^ which probably formed an island arc in fratii of tlie 
advancing Indian shield. According to Crookshank {GuNdu ana SyfHpofiium, 
p, 178. International Geological Congfefss. Algiers, 1952) igneous Aictivity 
conimciaced during I lie deposition of Bekfnnite Shales of early Crelacxous 
age. The earliest manifestations wore violent eniptions producing ngglo- 
meratt^s which are intcradated mth TC^ and green shales. These are 
followed by pillow lavas wdth shak intercalations in the l^rh Limestone 
(Barremian to Aptian). Later bask and ultraTiasie rocks were also in- 
tnidwl into these, llicn tollowed more pillow lavas associated wiib the 
Nunimidittca, As the aggloinemtes contain roUr?d pebbles, they are thought 
to have been derived from volcank islands. 

This igneons bdt can be traced nonhw'aid from Cape Monze* (trst 
proceeding N.KAV. to Wad, and thence slightly cost of north to near Quetta 
and then through Hindu Bagti to Fort Sandeman and Wana to wi^st of 
Bannu, This zone Ues along the border of the Calcareous and M>'sch 
zones of Balticlustan and contains the chromite deposits of the Quetta- 
Khob region. TJie intrusive phase may be correlated with the earliest 
phase of Himalayan movement. All the rocks of this ssonc have l>een 
involved in the subsequent folding and thrusting, 

Ufete Cretaceous or early Eocene igneous activity ii known in the 
Arakan-Andaman belt. The rocks are intrusive into the Axi^h or early 
Eocene betls and comprise peridotites and serpentines w'hich contain chromite 
in places. Gabbros, serpentines and enstatite-peridotitEs cover kige areas 
in the Andaman and Nkobar islands where they are asscxriated with 
radiolarian cherts. ITiis zone continties mlo ihc NiaS“M«Uawei ridge and 
the southern border of Sumatra and Java which lie on the same tectonic 
belt. At the northern end of Burma, m the KAiirtaiiTg sub-division of 
Myitkyina district, there occur numerous outcrops of scr|K?ntinised peri- 
do tiles, dunites, pyroxenites and amphibolLles amidst ciy^talline schists. 
They contain masses of chromite and jadeite, the latter being commercially 
exploited. Tl^c deposits of jadeite occur at Tawmaw, Mebimavv, Pangmaw 
and other places. 

EARTH MOVTiMENTS IN THE CRETACEOUS 

Evidence is actumulating now to show that Ihe Cretaceous period 
witnessed the initiation of the important phj'siographk changes whkh 
became accentuated dining the Tertiary, The southern arm of the 
Tethys the portion %vhich occupied the Baluchistan art continuing 
through the Mckran into the Oman rcgicni of Ambia, experienced the 
earliest phast^ of mountain building. From the work of G, M, Lees and 
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his sis^iates in Arabia, the Oman inoun tains are known to have been 
fanned diiring Pre-Gosao times {Upper Cretaceous), It is also known 
riQW that the igneous belt of eastern Baluchistan occurring along the border 
of the Calcareous pone and the Khojak flysch zone was formed during the 
Cretaceous as basic lavas arc interbeddod with Lower as well as Upper 
Cretaocoufs rocks while ultrabasic plntonic rocks arc intrusive into the 
Upper Cretaceous in this region. In the Himalayan region the Lower 
Flysch (Giumal Sandstones] indicate a considerable shallowing oi the 
Tethys in Lowiir Cretaceons times. There is a gap between the Lower 
Flysch and the Upper Flj-sch, which probably implies a period of distur¬ 
bance* The Upper Flysch in northem Knmaon contains much radiolerian 
chert indicating the local deepening of the sea due to compression of the 
strata. 'Hie Upper Flysch was intruded by ultrabasic and bask rocks 
part of which are contemporanc^ous with them and part somewhat later* 
In the Bumesc arc, there were earth movements of Upper Cretaceous 
or Laramie agie which brought into l>cing a central ridge intruded by 
peridotites and senxmUnes, This ridge separated the Burmese region 
into a Burma Gulf and .\ssam Gulf, the deposits im the two areas showing 
noticeable differences from the early Tertiary onwards. 

On the other hand, the Indian Ocean region shows evidences ol marked 
marine transgression in the Alhian and Cenomanian. Upper Cretaceous 
strata, containing practically identical iauna cTcteading from the Altaian 
upwards and probably continuing into Eocene, are found on the MMadras 
coast, on the southern part of the Assam plateau, in West Australia an^,! 
in East Africa. This indicate that the waters which were withdrawn 
from the Tetbyon region flooded the southern Mediterranean and the 
Indian Ocean coasts. There seems to have been a barTier between the 
Narmada Valley and the main area ol the Indian Ocean, as evidenced by 
tlie differences in the fauna of the Bagh Beds and the Trichinopoly and 
Assam Cretaceous* and this barrier may have been formed by the westerly 
extension of the Deccan Trap. Towards the end of the Crctaceoiis, however, 
there seems to have been a free Intermingling of the fauna whkh charac¬ 
terised the Mediterranean and the Indian Oceans. 

In the Upper Cretaceom. while there were compressive movements 
throughout the whole of the Tethyan region, tensbn fractures developed 
in the Peninsula of India resulting in the outpouring of the Deccan Traps* 
In other parts of Gondwanaland^ how'ever, major fracturing seepns to 
have already taken place in the Jurassic w-ith the eruption of the great 
floods of Stormberg lavas and their equivalents in South Africa and South 
America* 
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chapter XV 

THE DECCAN TRAPS 


Ce^neral 

The close of the Mesozoic era u'as marked by the outpouring of cnor- 
motis lava flows which spread over vast areas of Western, Central and 
Southern India. They issued through iong narrow Azures or cracks in the 
earth's cnibl, from a large magmai basin and are therefore called fissure 
trupti^s^ The lavas spread out far and wide as nearly horizontal sheets, 
the earliest flows filling up the irregularities of the existing topography. 
They appear to have been empted sub-aerially, as there are no evidences of 
subaqueous dcpositioii. At a few places, Gimar hilfp Ran pur; Phank^ 
■Chogat-Chamardi, a few emter-like exposunes in Gujarat and near Bombay, 
the eruptions were of the ' Central' type showing diflerentiated rocks of 
varying diaracters. Because of their tendency to form flat-topped plateau¬ 
like features and their dominantly basaltic composition, such lavas arc 
called hasidls^ The flows are called imps because of the step-like 

or terraced appearance of their outcrops, the term bebg of Scandinavian 
origin. 

DISTRIBUTION AND EXTENT 

The area now- occupied by the Deaxui Traps is about 200,000 square 
miles, including Bombay, Kathiawar, Kutch, Madhya Pradesh, Central 
India and parts of the Deccan. Tlicy' are found as far as Bclgaum in the 
south, Rajaltmufidry* in the south-east, Amarkanfakp Sirguja and Jashpur 
in the east and Kutch in the north-west. Rocks of the same age and charac¬ 
ters found in Sind are also considered to belong to them. The present 
distribution shows that the traps may have occupied some of the areas 
intervening betw-cen the main mass and the outlying patches, and that the 
original extent may well have been over half a millioii square miles, mduding 
the segment of unknowm extent which has foundered in the Arabian sea to 
the west of Bombay* TTic Deccan Traps are thus the most extensK^e 
geological formation of Peninsular Indui at present, with the exception 
of the metamorphic and igneous complex of Archaean age* 

The Traps have been divided into three groups,—Upper, ^liddlc and 
Lowcfp^ with the Infra-trappean beds or Lametas at their base, 

* Rajamaheadri, a contraction of Itaj^imheEVdrava'rArfi* it the coircct 
which Jifls howi:™' been motiltUd to the present Kjijahmntidry, The fomicr ftpelliog 
vlll bo fOEind in Olditftin'i ^InnuaL 
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Ujppcr traps 
(i.5(XS ft. thIcM 
trapi 
(4.000 ft ] 

Luwtr traps 
f50t> ft.) 


Homba}' and tCathiawar ; ii'itb Inter- 

trapptan beds and laycri of vakanic ash. 

.. CcfltTriil Itklia And J wiith nuntiTrous aali-bnis 

in the iapprr portion and practically de^'otd of Illlrf- 
iTiipp^n-^. 

Madhya Pradesh and eastern arffw ; I nicf^trappeai^ 
botU, bii t mrr asll^l^icds. 

STKCCTUKAL I^EA ITRI-S 


The tmp countr\' is chnnicterijicd by flni-iopped hsILs md stcp-like 
terraces, TbL^ tajM^phy is a resiilt uf the variation in liawlncss of llie 
different flows and of parts of the flows, the liard portions forming tln^ la|is 
of the terraces and plateaq^s, fn the amygcinlar flaws the top is iisiially 
highly vesicular, the middle fairly compact and the bottom showing cylifid- 
rical pipes filled with secondary' minerals ; while in the ordinary flows the 
top is fine-grained and the lower i^rtion coarser with sometimes a concent¬ 
ration of basic minerals like pyroxene and olivine. Vesicular and non- 
vesknlar flows may alternate with each other^ or the flows may be separated 
by thin beds of volcanic ash or scoriae and by lacustrine sedin^ents known 
as Intcr-trappean beds. 

.\sh berl5 are partScularty well seen in the upper jiart of the tr^ips, for 
instance arotincl lk)mbayp Poona and in the Westcni Ghats. They usually 
reveal a brecciated structure, fragments of the trap being found in a matrix 
of dusty or fine^;raiiiotil material. Columnar jointing in the traps may 
be seen in a few places, for iiistauce in the Salsette Island near Hombay, 
nt^ar Hoshangabad and in some places in ^!alwa. 

The tmps attain their ma.xinuim thickness near the Bombay coast 
where they are estimated to be well over 7.000 feet thick. They are very 
much less thick further east ; at Amarkantak and in Sirguja they arr about 
500 feet thick, while near Belganm sonth of Bombay they are only about 
20D feet. Tfie bauxite and bterite occnirence of Lohatilaga in the Ranchi 
district, Bihar, is the latcritiscd remnant of the Deccan Trap which must 
originally have extended there. 

In the boring at Lakhra in Sind by tlie Burmah Oil Co,, a basalt flow' 
47 ft. thick was cticoutitcred below' the Lower Kanikot bed at a depth of 
2,47S feet. This was luUowixl below by ISO ft. of sandstones and shales : 
250 ft. of basalt ; 100 ft. of shale of Cardita h^uumonfi horizon : 90 ft. of 
basalt : and sediments with traces of basalt for a further 250 ft. .\ lioring 
near Tatla (24 "45" : 67'54") met with Deccan Tfaps at a depth of about 
1,667 feet and went through a thickness of 474 feet, consistitig uf If flows. 
Nearly a sixth of this thickness was Interdrappciin sedimetits. The Deccan 
Trap has not been encouirtered in the borings at Sukkur and Kbairpu r and 
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it is probable that it did not extend so far out, (Crookshank : Gondwana 
Symposiiim. /wt, Congress, ]&52^ p. 177)* 

A boring at Dhandhuka In Alimadaliacl cUstdet penetrated a thickness 
of L522 feet of Trap ; at Jamnagar the thickness was more than L020 feet 
and at Khambatia more than 700 feet ; white in the Gimar area Fedden 
estimated the thickness at about 3„500 ft. 

The individual flows vai^' in thickness^ from a few feet to as much 
as 120 feelr A borehalc at Bhusawak 3.217 feet deep, revealed 29 flows^ 
ihc avemge thickness being 40 fcet+ In the CbhLndwara district of the 
Madhya Pradesh. 15 floT^'S have been identified with an average thickness 
of 70 ft* In the Sausar tahsil of the same district, the average for 7 flow^ 
has been found to be about 55 feet. 

The flows have a great su|>erflcial extent in comparison with their 
thickness. Individual flows have been traced for distances of 60 iiiUes 
and more, ^ for example between Ghhindwam and Nagpur. This extra.- 
ordinar>' spread is explained hy Termor (1935) as due to a high degree of 
suptT'heat in the erupted mass W“hich is believed to haA-e been derived from 
the basaltic or cclogitk shell of the earth, the heat being due probabiy to 
exothermic mineral transformations. 

The lavas are generally horizontal in disposition^ Near the Bombay 
coast as well as north of Bombay they dip towanls the sea at an angle of 
alxiut 10"* In Ba^pipLa. dips varying from 5 “ to 20"* ate known : in Bclul 
in Madhya Pradesh, 540' : :md in the Avestem part qf the Narmada Valley 
10®-15®* Gentle w^arping bas also been noted in parts of Madhya Trades^ 
/.g., in the S^itpura region* The traps have abo l>een faulted as in the 
Sausar tract in ChhindAvara and at the southern foot of the Gawilgarh hills 
in Bcrar. 


DYKES AND SILLS 

Sills of the Deccan Trap are noted in the Satpura area of ^tadhya 
Pradesh particularly in tlie Upper Gondwana formations, and also in the 
Gondwana basin of Rewa in Vindhya Pradesh. A few sills are also found 
penetrating the Jurassic stmt a in Kutch. Tliey are composed of fairly 
coarse-grained doleritc which is occasionally tKjrphyritic. 

Dy^kes arc vcr>' numerous in the Traps but they are not evenly distri¬ 
buted, some areas being devoid of them and others closely crowded with 
them. In Saurashtra they show' a more or radial disposition around 
Amreli and Jasdan and also around the plutonic mass of Gimar and Chogat- 
Ghamardi* Dykes are very common in Eastern Saurashtra^ in Gujarat* 
in the Narmada Valley, in tbc Satpura region of Madhya Pradesh and also 
in Western Hyderabad. 
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Ttie dyke in Gujarat has a gunenJ E.X.E-VV.S*W, direetbn 

bill a subsidiary' \V,NAV,-E.S.E, trend is also noticed. The dyke system 
in Gujarat and in the Narmada \^alley fellows a geiieral E.N.E,-\\',S.W. 
tXKmd. The dyke sv^stem in Western Hombay has a major N.-S* trend and 
a less prominent N+W,-S,E. trend. .\ triangular pattern of dyk^ is seen 
in the Lake Tansa-Asangaon area. As pointed out by Blai^ford and Auden, 
the major direction favoured by the dykes appears to be conditioned by 
the direction of folding and fracture to which the Deccan Traps have been 
subjected* It is known that the Narmada V^alley has suEered disJocatian 
aiong a E,NsE*-\\\S.W, direction, continuing into Sanrashtra^ The 
ikunbay coastal region shows a mcmoclinal flexure (Panvd flexure) which 
lullows a X,-S* direction uplo Kalyan, to the north of which il follows a 
N.N.W,-ShS,E. direction ; the wtsfem limb of this is bent down at a low 
angle. 

The dykes vaiy' considerably in their dimensions. They may be from 
a few feet to as much as 200 feet ttiick (eg., Khokri dyke near Gondal and 
some dykes in the Satpura mounlain region), Mimy of iliem are several 
hundred yards long, w'hilo a few have l^n traced over a length of 20 to 30 
miles. 


PETROLOTxICAL CEIARAGTERS 

The Dcccaii Traps belong to the called piakau basalt by H.S. 
Washington, They arc extra-ordinarUy uniform in composition over much 
the greater part of the area ;md correspond to doltrrite or basalt^ w-ith an 
average specific gravity of 2,9. The minimum value of specific gravity, 
in acid lavas, is 2.5S while the maximum found tit ultrabasic types is 3,03. 
They arc generally dark-grej' to dark-greciiish grey, bnt brownish to purp¬ 
lish tints are also met with* The more acidic tj^ies found near Bombay 
and SaJsette have a buff to creamy colour. The non^veslcular types are 
hard, tough, compact and medium to flue-grained, bfieaking with a con^ 
choidaJ fracture. The vesicular types are comparatively soft and break 
more easily, 

Tachylite or basalt-glass is distinctly rare and may bo found only as 
a thin selvtige where the hot lava encountered a cold surface and suddenly 
became chillod thereby. In parts of Bombay, Kathiawar and Kutch. how¬ 
ever, the traps arc associated with aeid^ intermediate and ultrabasic rock 
types derived through differentiation of the prigiiud magma. 

In the Gimar and Osham hills of Junagarh (Kathiawar) there are, 
besides the usual dolerite and basaltn lamprophyre, liuibufgite, moncht- 
<|uite, olivinc-gabbra, porphyrite, andesite, monr^onite, ncphelinc-syenite, 
granophyre, rhy^ilite, obsidian and pitchstone, which have been studied 
And described by M, S. Krishtwm. 
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K. K. Slittlmr and others who noppccl the Giniar hills have expressed 
opinion that the basaltic flows of this area were domed up hy later intrusives 
representing- the rcstiU of differentiation ihrmigh progressive ct^-stallisatEon, 
The domwl up porlion of tlic (lows has tiecn erodc<l away in the centre. 
ex^Ktsing an iiitnisiST mass of diorite-monzonite below. This is surrounded 
by olivine gahbro atid a mass of granophyre intrusive into baralt. The 
monzonile contains intrusions of nephclinc-syenitc associated with lamp- 
ropliyre. The Chaniardi-Cohgat mass is roughly of the same dimensions 
as Cirnar and shows some differentiated types. The Barda hills are made 
up of gianophyre. 

Ill the Gir Forest of Kathiaviar, there occur some dykes of olivine- 
dolerite and masses of granophyre and rhyolite. The coastal region of 
Bombay has been shown to contain a large variety of types—^rhyolite, 
gtanoplijne. trachyte, andesite, ankaramite and oceauite, the acid 
types being considered to belong to a late pbiise of igneous activity. F'rom 
iJie Pavagad hill in Gujarat. Fernior has described pumice, pitchstone. 
rhyolite, felsite, quartz^uidesite. etc. The rhyolite which caps this hill is 
considered by Fcmior and Heron to be a flow and not a plugdike intrusion 
as advocated by Mathur and Ibibey. {Rtc. 6S, p- 17, 1934). Acid rocks 
also occur in the Narmada Valley and in Porbandar. 

In parts of Kathiawar where borings have been put down through 
the traps, very basic tvpes like limbtirgile and ankaramite are found inter- 
bedded with normal doleritcs and l»salts. Investigation of some of the 
phenocrjsts in the very basic ts-pes. by W. D, West, has repealed that they 
^fYcspond in composition to that of the rocks in wdiich they occur, leading 
to the view- that the phenociysts are not due to crystal settling but are 
essential parts of the lavas whkh had already been differentiated at the time 
of intrusion. 

Tire ultra-basic types seem to be more or less restricted to the western 
edge of the trap country in Bombay, Gujarat and Kathiawar as dykes and 
silU, while the acid types are found mainly along two zones, one running 
from Pavagad hill to Bombay and the other from the Narmada Valley to 
Porbandar State in Kathiawar, 

The Barda, Dhank, Osham and Gimar hills lie on a line which appears 
to strike into the region of the Narmada dislocation, while the Pa\-agad and 
Chamardi-Chogat line is parallel to and north of it. It would, therefore, 
appear that the loci of the central eruption type are located on important 
fault zones in Western India, 

It is of interest to note here that the traps at Worli Hill, Bombay 
Island, are associated with bituminous matter, whose pr^ence in cavities 
is exp^ned by Dr. C. S, Fox as due to the distablion of the oigank matter 
present in the associated sedimentary beds, by the heat of the traps. 
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PETROGRAPHY 

The common type of trap h composed of abundant labradoritc of the 
composition Abj Ana, and cnsUtite-atigite (pig^nite), the two forming 
the bulk of the rock. The cnsUtite-augite is alwaj^s abundant in the 
holocrysUlbnc iy^, its amount decreasing with increase in the content 
of interstitial glass. It is usually greenish or brownish grey in colour in 
hand specimens but practically colourless in thin section. In cons position 
it approNjmatffl to a mixture of equal amounts of diopside and hypersthene, 
thus diffenng considerably from common augite. The most important 
character of this mineral k its small optic angle, 2V measuring up to 3(1®. 

Ophitic texture is common, the labnidorite laths lying in a mass of 
more or Iks anhedml enstatitc-augite. The labradorite is almost always 
the earlier mineral to crystallise, though contempomneous crystallisation 
of the two may have taken place to some extent. 

Tlie rocks often sliow phenoenysts of feldspar in tlie doleritic types and 
interstitial glassy matter in the basaltic types* The proportion of the 
glassy matter varies a good deal. The glass is often highly corroded and 
contains abundant dustdike inclusions which are presumably magnetite. 
The glass is liable to alteration into paJagonite, chlorophaeitep celadonite 
and delcssite. Since the amount of augite and magnetite bear an inverse 
ratio to that of the gla3S in thin section, it ^ obvious that these Iwq minerals 
are together represented in the glass. 

Magnetite is quite a common, though a rather minor, constituent. 
It occurs ufuially as discrete grains amidst the other minerals and as grains, 
dust and skeletal growths in the glassy groundmass. Some ilmcmte and 
Icucoxenc are generally always present in the rocks and this is confirmed by 
the appreciable amount of titanium shown by the analyses, though some 
titanium may be present in the augite also. 

In some varieties a fab amount of olivine is present but biotitc and 
Hornblende are generally absent from norrn^ fyp®- ^ 

absent, but there is generally an excess of silica in the CJ.F*W. norm. 
Sodic plagioclase and orth*n:lase are absent, but interstitial granophyric or. 
mkrographic patches are sotnetimK seen* jt 

[iivKtigation by Fermor of the flows encouutererl in a boring at Bhusa- 
wal showed that olivine, and to some extent labradoritc, had settled down 
to the bottom of the flows, apparently through gra%dlative settling. In the 
Satpura region of Jabalpur-Chhindwara, thick sills often show' the pheno¬ 
menon of crystal settling, the lower portions being coarse and holocrystalline 
and the upper portions finely crystalline and containing quartz and micro- 
pegmatite. A dyke in this region, which is over 8 miles long, consists of 
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prophyriK? containing oligoclaseH enstatite-augite, bornblende, qnarlz and 
micro-pegmatite. There are, however, other areas where there is no 
e^'idence of cr^-stal setting even in thick flowTi, as mentioned on a previous 
page. 

Secondary' minerals are often deveJoped in the traps, cither as fillings 
in the amygduLir cavities or as products of alteration and replacement. 

The minerals of late hydrothermal acitivity arc the zeolites—stilbite^ 
apophyllite, hculandite, laiimontite, analcitc and prehnitc i also calcite^ 
chalcedony and its ^^arietics (agate, jasper^ camcLian, chrysoprasc, helio- 
trD|X\ onyx, etCn), opal and sometimes quartet and amethyst crystals in 
drtisy cavities. These minerals are generally found in amygdnbr cavities 

Table 55—Chemical Composition of the Deccan Traps 
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■which may be lined w ith chlorophaeite and deLessite, Amongst the 2eolites, 
radiating and sheaf-like aggregates of sLilbite are the most common, though 
pmm^Ttic ciy^stsiis aliiO occur. Next in importance are apophyJlite, heulan- 
ditc. laumontite and scolecite, excellent cry'staJs of Avhich are not infre¬ 
quently found* The alteration products are chlorophacite, palagonite, 
delessite, celadonittv J<kliiigsite and serpentine, the last two formed from 
olivine. Several of these are collectively spoken of as "green earth," 
A^ hich is sometimes ust^i LiS a pigment material* 

CII FAl [CA1. C HARACTE KS 

As might be expected from the unifomaity in mincralogical composition,, 
the chemical com [position of the traps abo lends to be uniform. Table 55 
gives an idea of the average chemical composition of the traps. 

The plateau basalts (of the Assure eruption type) w^hen compared with 
the normal cone basalts (central eniptioii type) show^ a higher iron and 
titanium Content, the iron being dominantly in the ferrous state. Magnesia 
and the alkiilics arc lower* This finds minecalogical expression in the 
presence, in plateau bas«iltSH of enstatitc-aiigite instead of the diopsidic 
augite of cone basalts. 

The study of the trap flow’s (Lower Traps) of Lingo, Madh^'a Pradesh* 
by Fermor reveals the fact that, though the analyses are extraordinarily 
similar, there is, in the normative values, a small but distinct progressive 
change from below upwards—i.^., decrease in quartas, total iron, total water 
and an increase in alkali lehlspars, total feldspars and pyro.xenes. The same 
features are also discernible in Washington's aiial>'scs as grouped by Fermor 
into Lower traps and Upper traps* 

Taking all the ij'pes found in and associated with the Deccan Traps, 
the silica percentage \TLries from 43 to 73 |>er cent. The rocks fall into 
groups [ basic aud ultra-basic types with 45 to 51 per cent, silica ; inter¬ 
mediate types with 52 to 61 per cent, silica ; and acid types with over <61 
per cent, silica. In the under-saturated types, oli^dne and ncpheline appear 
in the norm. .As the silica increases, it gives rise to more p>TOxeiie at first 
and then more feldspars. In the over^saturated types the pyroxene is 
subordinate, the feldsjxirs become dominant and silica appears as free 
molecules. 

A study of the available chemical analyses, many of which are not of 
a high order^ show that the trapse are docninanlly cl the ealc-alkalinc type 
while the alkaline group is present only in baurashtia. The original 
magma was of the nature of picrite or olivine-eucrite, the main trend of 
different ration being that of the cak-alkalinc clan. 
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ALTHHATION AND WEATHERING OK THE TRAl^ 

Th^i traps weather with characteristic spheroidal ex-folLatioti which 
gives rise to Large rounded boulders on the outcrops. The weathering starts 
along the welt-developed joints, first rounding off the angles and corners 
and then producing thin concentric shells or layers which become soft and 
fall off gradually^ The interiors of the spheroidal masses are however, 
quite fn.'^h. 

The traps give rise to either a deep brown to rich red soil or to r^gur 
(black cotton soil) w^hich can be seen in many parts of the Deccan. The 
regur is rich in plant nutrients such as lime^ magnesia, iron and alkalies* 
on vi'hich cotton and certain of the “ diy^ ‘ croiJS flourish. It has the property 
of swelling greatly and liecomlng ver^^ stjtky when wetted by rain ; on 
drj'ing it contracts again with the production of numerous cracks. Another 
product of Weathering is a material from W'hich silica, alkalies and 

alkaline earths have been leached away^ leaving iMihind alumina, iron^ 
manganese and thanium* It has a vermicular or pisolitJc structure and 
coutairis much water* Some laterites wliich are highly aluminoiiis, form 
deposits of baujcite, Laterite plateaux capping the traps are present in 
Bombay and Madhya Pradesh, some of these containing good deposits of 
high grade bauxite. 


THE Lr\META BEDS 

The Lamcta Beds, named after the Lameta Ghat ne;ur Jabalpur irr 
Madhva Pradesh, arc fluviatilc or estuartne beds occurring betow^ the traj’is 
at about the satne horisEon or slightly abo^'C that of the Eagh Bexis of the 
Nannada Valley. They are found to rest on various older formations such 
as the Archaeans, the Upper GondwTinas of the Bagh Beds. 

They nrc fairly extensively de^-eloped though not found every^vhero 
underneath the traps. They usually occur as a narrow' fringe around the 
trap country, particularly in Madhya Pradesh {if.g.* around Nagpur and 
Jabalpur), and along the Godavari Valley up to Bhopal and Indore, and 
in the w-cistem part of the Narmada Valley. Tbechicl rock types lound in 
them are limestone, with subordinate sandstones and clays. The limestones 
are generally arenaceous and gritty^ though occasionally pure* but a cherty 
type containing lumps of ebert and jasper may be said to be tbaracterislic. 
Earthy greenish sandstones ate common* w'bile clays which are usually 
sandy and red or green in colour are also, found. The Lameta Beds vary in 
thickness from 20 to lOO feet, the indhidual Beds frequently \-arying in 
character when followed hoTUEonbilly. 

In the type area at Lameta Ghat the following section can be made out, 
though ail the members arc not present in the same individual section* 
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4. ^Lmjliir ta |, cdtltAinin^ bufldt oC dmt ar Xhm lim^tisuc, The 

•^dstonc may nccasiOM-lly t» composed cf grains of BlAssy quart* with a whift port^^dery 
c«D)£iiUd^ mctliLira. 

1^0 UToen Ot pHr^iliB^ mucHlOlKp oticn finely laminated^ soTnetimes arCEtac'^ui 
or cAlcamiJ4i. 

2. Limestone or indorat«d marl aftea earthy attd dmb to blundi in tolour. Hha a 
tnfaoeoiir!! appeanuiec because oi vein-lLke cavities whkh may be fiUed with cjtalocdoay 
or calcium carboilato by infillratk^n, thfc^ marly limestone being th« characterilUc 
membcF. 

I , Greenish, poorly compacted!, eandstone, sometimes hard and cherty. These 
Mte bfownisb near Jabalpur. 

Occasion Eilly, the rocks underlying the Deccan Traps are found to be 
calcihed by solutions descending down from the tnips, the original rcFcks 
being Archaean gneisses and schists^ The occurrence of fragmentary 
fossil remains in the true Lametas helps us to distinguish them from tJie 
calcified rocks. 

The I^nietas only rarely contain good detemiinahle fossils^ though 
small fragmentary fossils are common- They include mollusca^ hshes and 
dinosaurian reptiles. 

^tollusca .■■ Physa Paladina and 

Fishes E^serwanits. PyCti^m. 

I>ii30saura AntAref^smirvs sipicnin&naEs, Tifa/iwaunts litdA* 

LtiHTtts malleyi, LatmiOSftufVi ittikm, Jnhbtdponit fentoi^ 
LofitiitiUautta madafa^cmfmLii. 

The Dinosaurian remains have been found mainly at Jabalpur and 
at Fbdura 3 tnllc^ north of Wamra in Madhya Pradesh. Coprolite$ are 
also found in these places. Physa {Hidiittus) is associated with 

these reptilian remains at Pisdura, while the other mollusca have been 
found in a lJe<l at the base of the traps at Nagpur and HIliehpur. According 
to Von Jlucue^ the age indicated by the Dinosaurs found at Jabalpur and 
Pisdura, which are alUed to forms recorded from Madagascar, BratH and 
Patagonia, is Turanian, 


fNFRA^TRAPPEAN BEDS 

Allied to the Lametas are the beds occurring bdow the traps in the 
Rajahmundry^ area, called the Infra^rappeans. They occur only on the 
right bank of the Godavari river. At Dudukuru, a few miles N.VY, of 
Rajabmiindiy^ they are composed o-f-j^howish, whitish and greenish sand- 
stones overlying the Upper Gondwanas^ They are about 50 feet thick, 
the upper portion being calcareous and containing a fossiHreToiiS limesttmep 
I to 2 feet in thickness, at the top. The fauna is undoubtedly marine and 
comprises a nautilus, several lamellibmnchs and gastropods, the Latter 
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including a Turritean which sccitu to be idciitical nith T, dixpasza of the 
Ariyaliir Stage of the Trichinopoly Cretaceous. 

There seems to be a slight unconformity' lie tween the Infra-trappcans 
and the basal basalt flow since the former appear to have been partially 
denuded before the traps were erupted. The Infra.’trap|ieans do not contain, 
so far as hiiown at present, fossils identical with any in the liagh Beds or 
the Trichinopoly Cretaceous except the TurrHiila mentioned above. There 
is. moreover, an absence of any characteristic genera. OMIntm states that, 
on the whob. the Infratrap^teans have perhaps more affinity with the Creta¬ 
ceous than with the Tertiary, H. C. Das Gupta claimed to have found 
Cardila {Ventticardia) fieaitmotili from the Dudkur (Dudukuiu) Beds, which 
also supports this riew. 

During the oonsidcrabie intervals of time which elapsed between 
successive eruptions of la%*a, there came into existence some rivers and 
fresh water lakes in the depressions and in places w‘here there was obslnic- 
tion to drainage. The fluviatilc and lacustrine tlepoaits formed in them 
arc intercalated with the lava flows, and are of small horizontal extent and 
gener^illy 2 to 10 feet thick, though occasionalEy only 6 inclus thick. They 
contain, iij several places, animal and plant remains which should prove 
to be valuable in the determination of the age of thnse bedsahd incidentally 
of the associated traps^ 1 hey comprise cherts, impure limestones and 
pyroclastic materials, and have Iwen reconled from the Gerdavari, Chhind- 
wara, Nagpur and JalMilpur clLstricts and parts of Bombay. 

The traps of the Kajahmundry area appear on either hank of the 
Godavari river, with a length of some 35 miles in an E.N.E.-W.S.W, 
direction, and a thickness varying from 100 to 200 feet. Exposures are 
found at Katcru on the Kajnhmundry side of the river, resting on .Archaean 
rods, and on the other side (right bank) near I'angadi and Dudukuru. 
resting often on the l^piwr Gonflwanas, The traps are overlain by the 
Rajahmundry Sandstones (Cuddalore Sundstoncs) all the formations hav'ing 
a general gentle dip towards the south or south-east. 

The lower flow of trap is about 50 feet thick. It k overlain by a 
fossiliferous Iwd which is 12 to 14 feet lluck near Katcm and only 2 to 4 
feel thick near Pangadi. The fossiliferous futer-trappean Bed is exposed 
for about half a mik near Kateni and for over 10 miles on the other side 
of the river. The fauna is unmistakably estuarine and comprises Cfriihinm, 
PolamiJis^ Pirtnftla, Cytk^ta, etc,, some of the characteristic species being 
Cttrbieula ingfns, Ctrif/iium stoddardi, C. Mifii, Cyfktrea nufeirix. Physa 
{Bulhnut) pnnsxpii, Pafitdina Hontutfi's and Lymnaea mhuiaia. Them are 
no corals, cephaJopods or echinoderms to indicate any marine affinities, 
The fauna is said to have more affinity with the Ariyalurs of the South 
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Jnflian Cretaceous than with the Eocene, though no cases of identicil fossil 
species have yet been established. 

l-ossil algiie found in these beds have been studied by S, R, Narayana 
Rao and K. Sii|)ada Rao. They state that some of these, like AVoweris and 
Acicuiaria, and the Ckarophyta are Tertiary in age and that the associated 
traps arc there lore early Eocene in age. 

The Inier-lrappean Beds of Bombay are high up in the Up|i«r Traps, 
excellent sections of which can be seen on the Malabar hill and WorIL 
hill at Bomlva)'. Here thej- are about 100 feet thick and consist of 
brown, grey or dark sliales the last being carbonaceous and showing 
plant impressions and remains of frogs with occasional pockets of liitumcn 
and coaly material. They contain also the fresh water tortoise ffvdraspis 
(Plaifmys) leitkf. the frog Rana piisHta Indobtiimchus pusillun) and three 
species of Cj'prides (Cnistaoea) the common one being Cypris aibrniiTginaia. 

The Inter-trappeans and liifra-trappteans occur also in some parts of 
the Madhya Pradesh : in Chhinduara they have >'ielded plant remains, 
among which are palms with distinct Eocene aflliniiics. In Bcrar and the 
Narmada V'allcy, the beds are found JOO to 500 feet above the base of the 
traps and contain plant and animal fossils In some places. 


AGE OF THE DECCAS TRAPS 

In the pncinous sections are stated the facts which shoidd enable us 
to gain an idea of the age of the I nter- trappeans and ol the associated traps. 
At Uudukunt in West Godavari district, the trajis are underlain by the 
fnfra-tiappeans containing gastropods, lamellibranchs and a nautilus. 
The fossils, though not identical with any found in the Trichuiopoly Cre¬ 
taceous beds, seem to indicate some general affinities with them. Recent 
work here has rex’ealed the presence of several algae including ffo/ospQrcUa, 
DtssocladtUa, Neomeris, Tarqufmeita, and Acieitlaria, the last of which has 
not been recorded from any beds older than the Paleocene. Sevetal fota- 
Diinifera have also been lecordf^d—Trilocitiina, yodo^aria, TexlMlaria, 
Splufoiilintlia. Gtohotfuncana. 

In the Narmada \'aJley the traps are underlain by the Bagh Beds of 
Upper Cretaceous age, possibly in part equivalent to the Lametas, 
Between the traps and the Bagh Beds there is a slight but distinct uncon¬ 
formity. 

In Surat and Broach there is said to be a distinct erosional unconformity 
between the top of the traps and the Nummulitic strata, for the basal 
Eocene contains materials deriv'ed from the denudation of the traps. In 
Kutch the traps ovnerlie unconformahly the Jurassic and Lower Cretaceous. 
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beds ami are ^n^erJain by the Nummiihtics (kanikot). Here also there seems 
to be ae unconformity between the traps and Niimmiditics though 
this is not very clear. 

In Siiul, the l5or hill near kajiikot shows a bet| of calcareous, gritty to 
conglomeratic, sandstone overJ>ing the Hippiiritic limestone (Upper 
Cretaceous), in which occurs an inter-stratideti l^wl of bas,-t[t 40 feet thick^ 
some 55D to 400 feet above the base of the sandstone. This sandstone is 
overlain hy Oiive Shales and Sandstones, the latter containing some volcanic 
ash or decomposed fragments of hasalt. CaF^dUa iV^ftmcardia) biaumonii 
occurs in sev eral horizons in the Olive ShalCn hnt especially abundantly in a 
bed 200 and 250 feet below the top of the series. In addition to some 
corals, echinoids anii gastropods, NauiUta imuchardimtus, {which occurs in 
the .^riyalur Beds of the Trichinopoly districtJ, is also to be tonnd here. 
1 he fiinnaJ assfmblagi' indicates an age in the uppermost Cretaceous^ 

Hie Cardiifi IftsamonH Bed is overlain by another bed or flow of basalt^ 
the thickness of strata separating this and the knver flow being about GOO 
Jeet. The upper one is much more extensive than the lower and has been 
tracenl for 22 miles frtun Ranikot to Jakhtnari, at the base of the Kanikot 
iH'ds. This npper flow (lying on lj»e Ca^difa heattmonit BedJ has a thickness 
var^dng from 40 to ^ feet, but is itself composed of two individuaJ flow's 
each of which is vesicular at the top. There is no doubt, according to 
R. D. Oldham, that the basalt is a flow and not an intrusiv'e (Manual, Second 
Edition, p. 2S9), and it is conluimahle both to the underhing Cardtt^ fimu- 
mtFnii Eleds and tlw overlying Ranikot Beds, Though separated by a gt>od 
distance from the main Deccan Trap area, these trap l>eds in Sind are 
■considered to belong to the IXccan Traps. 

In a boring put down in 1948 by the Burmah Oil Company at Lakhra, 
about 25 miles north-west of Hyderabad. Sind, the Cardtia fhfaumon/i bed 
was encountered at a depth of 2.925 ft. Dtccan Traps overlie as well as 
underlie this bed which is 100 It. thick. Tracc^^ of traps were encountered 
also in the sediments below the lower trap horizon. This indicates that the 
eruptions began in the \[ae5trichtian or even earlier. 

Kccent work on the fnter-lrappean fossils, especially by B. Sahni and 
collal)onitoTs, lends support to a Lower Eocene age for the beds from w hich 
the fossils were obtained. The chief points in the evidence are : There is a 
large proportion of palms {Paimoxyhn predominating) amongst the angios- 
ponmous flora : the |Milms arc said to be much more abundant here than 
in any Cretaceous flora so far studied. The genus. found in these 

beds has not been recorded from any beds earlier in age than the Tertiary, 
a characteristic Eocene genus, occurs in the Inter-trappeans. 
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Smith Woodward'ii work on the fish nMnajns from has 

shown that perhaps they are more allied to Eocene than to Cretaceous fumis« 

L. Horn who studied the fosi] fishes found at Takli, Paharsiii|;lia and 
other places in the Madh}^a Pradesh p has identified Li^pidosiftts indiem^ 
Pycnodus Eosernuius hislopi, Nandits. Prisloiepis^ Sd^rupfigits and 

some pereoid fishes. Scales of Afusperia and species of have alw 

been recoveml from (nfra'trnp|jean beds. These have led hini to favour 
a Lower Eocene age for the lavas asswiated with the Inter~trappeans, 

The fact still remains that much of the stratigraphical held work on the 
traps and the associated sedimentaries is old, and it is VL^ry desirable to 
restudy them and make fresh fossil collections. The evidence of a^c^ as it 
sltKxl in the early nineties of the last centur>^ has been admiiahl^^ summed 
up by K. D. Oldham in the second edition of the Manual of the Geology- of 
India fpp. 2K0-2BL 289). The base of the traps lies, in mrious placcSp on 
the Bagh Beds [Cenomanian to Scnonian)^ the Lametas | roughly Turanian 
according to \'Dn Eluene and Mately) and the Infradrappeans or Cardtia 
bcaumiynii Betts (Danian). Jn the Lakhni borings mentioned above> the 
traps ocair both al>ow and below the Cardita ik'aumonti Beds. It is 
therefore reasonahle to conclude* as Oldham did in the Manual, that rhe 
traps commenced to he poured out in the Uppermost Cretnceo\is and that 
they continued through the gap of time marked in Europe by the unconfor¬ 
mity lx?tw’cen the Mesoioic and the Tertiaiy^ which in North America is 
represented by the Laramie formation, and perhaps well into tlie Eocene, 
llow^ far into Eocene the acti\'ity continued is not known, 

Kcccnt work on Inter-traptican fossils would seem to place a |jart of 
the traps in the Eocene. This is reasonabk since the traps have a very 
large thickness [perhaps 7,000 to 10,000 feet in W'estern India) and some of 
the products of the latest phases of the activity fautrd in Bond>ay and 
Saurashtra are distinctly later than the main mass. This however leaves 
the question of the age of the base df the traps practically where it w^as. 
It is necessary to know by field wxjrk where exactly the lowxsl traps exist 
and whether they may not be of different ages in different places—in 
Madhya Pradesh and in Rajamahendri^ It has already been mentioned 
that the Lower Traps occur in Madras and Madh^ra Pradesh and the Middle 
and Upper Traps progressively w'estwaid. There is also an opinion current* 
supported by Dr. C+ S. Fox. that the Rajmahal traps and the basic dykes 
in the coalfields of Bengal and Bihar [which are petrographically practically 
identical with the Deccan Traps and are considered to be of Oolite age) 
represent an early manifestation of the Deccan Trap activity. 

Some work has been done on the radio-active characters of the LKzccan 
Traps by V* S+ Dubey and R. N, Siikheswala. The work of the latter scemd 
to sbow^ that the trails range in age from Upper Cretaceous to perhaps ag^ 
late as Qligocene, Them is a great scope for extending this work syste- 
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maticaJl}' in order to help in the problems of the age. Though there are 
still some uncert^inlks attached to the deductions from radio-active work, 
it gives supporting evidence which is valuable for the solution of this 
jHobJem, 

Summing up. it may be staterl that the evidence which has been 
gathered and put foru-ard in recent year^ only shows that a good p;irt of 
llie traps may have been erupted in early Eocene. Though some of the 
genera of plants occurring in the Inter-trappeans are identical with those 
in the Eocene of other parts of the w’orld, there are apparently no tdcntical 
six.*cics. Such being the case, there is no reason why a flora allied to the 
Eocene of Europe should not have flourished in India in the upjwrmosl 
Crctacerms and Laramie times, ’At any rate, the evidence of marine animtd 
fossils ill Sind is clear that the earliest traps are of Upper CretHaceous age. 
If, in future, borings are put down in the Narmada Valley for coal or oil. 
we may hope to gather further useful evidence as to how far down in the 
Upper Cretaceous the Deccan Traps estcjid. 

ECONOMIC GEOLOGY 

Being dense, hard ami durable, the Deccan Traps arc used fairly exten¬ 
sively as hiiiklitig stones in the areas in which they occur in large masses. 
Rut, being dark in colour, they are not used to the extent to which their 
durability will entitle them. The light buff and crcaiti'ccloured trachytic 
rocks found in the Salsctte Island and the neighbourhood of Bombay are 
generally more pnereired than the dark traps. The commemoration hall 
called the Gateway of India . at the Hombay harbour, is constructed of 
such trachjdic rock ohtainetl from Kharodi and Molad near Bombay. This 
rock, however, freipiontly contains some calcite and pyrite which arc liable 
to produce unsightly brown stains and weakness, on weatliering, 

.Vs road metal, the Deccan Traps arc e.vcclient for macadam and tarred 
roads and are among the best stones obtainable in India. They are hard, 
tough, wear-resisting and haio good binding properties. They are also 
excellent for use as a^egates in cement concrete. 

The Di'ccan Traps of Western India are a great stoie-house of quartz, 
amcthv'st, agate, camelian, onyx and other varieties of chalcedony which 
arc used as semi-precious stones. These are made into trinkets, beads, 
ring stones and ornamental objects. There is a small agatc-cutting industry 
at Ratnagiri. Rajpipla an<l Cambay, the necessary raw stone being collected 
from strviuns and from the derbis on weathered outcrops. The supply for 
Cambay used to come from a Tertiary' Conglomerate, the pebbles of which 
were deriv«l from the traps. 

The traps are often capped by ferruginous and aluminous laterite. 
The latter is in several places^.g., Kolhapur, Belgaum. Katni. Jabalpur, 
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M.iricllii, S^urguja—rich enough in nluinina to bs high grftde bauxite, [ndimi 
biiuxitr has been in pi-troleiim fill pit ion. aud a beginning lias beeti 

made in utilising it for the rnanufactiire of alumina and alumintuui since 
about 1945. It Ls howvergenemlly rich in titania. as much as 10 percent, 
or mom of this constituent being present. The ferruginous latcritc forEns 
a good building sti^tte and has also ht?en used formerly for iron smlilting in 
indigenous furnaces. 'Phere seem to be possibilities also for smelting the 
femiginotLi laterite and ohtaiaing pig iron and cement by a suitable process* 

fhe black soil or formeil over the Deccan Trap is a rich soil parti¬ 
cularly suitable for raising cotton. It is similar to the Kassian Chfrituzem^ 
but is by no means confined to the trap areas^ for wc find it on gneisses^, 
chamockites, Cretaceous sediineiits, etc., in South India. This would 
suggest that it is not only the chemical composition i>f the parent rock but 
also L'limatic factors that play an importani part in their formation^ 
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THE TERTIARY GROUP 

GeneraL— The last great group of geological formatioits was formed 
during the Tertian' or Kaino^oic (Ceno/.oic) era, when gr^^t earth tnove- 
ments were felt in tnauy parts of the globt^ ami the Alpine-} lin^a la van 
mountain systems were bom. J^ause of the comparative proj^imity of 
this era to the present time, the geological records arc much nion? complete 
and more easUy decipherable than those of earlier eras* 

The break-up of Qujidwanalpnd+^As we have secHi there are 
cviderces of the existence of a great southern continent during the Mesoj'oic 
era. This continent broke up into its integml parts sometime tn the up|xr 
part of the RlesoKoic^ proliahly during the Cretaceous^ and l^egan to ilrift 
apart. The disintegration may have been facilitated by the great oiitfioiv 
of lavas, such as the Stromberg lavas of South Africa, the Serta Gcral 
voicanics of South America and the Deccam Traps of fiidra during the UpfR't 
Jurassic and Cretaceous periods. It is also likely that considerable parts 
of the catth's crust which formed the marginal areas of the southern conti¬ 
nents broke off and «!ank beneath the oceans. 

Faunal and Floral changes**— Great earth mowments took place 
during the Upper Cretaceous as w>?tl as at various times during the Tertiar) * 
The changes at the end of the Mesozoic era profoundly affected the animal 
and vegetable life of the time. The giant reptiles which were the rnastei^ 
of the land as well as the ammonites which were present in great profusion 
in the seas practically all became extinct at the dawn of the new era. 

The physiographic and environmental changes w^hich took place at 
this time were apparently too drastic for the previous fanna and flora to 
adapt tlx^mseJves to* New groups of animals and plants therefore took 
the place of those which perished. Among the animals the mammals 
became very promineTit and muhiplied in great variety* Amongst the 
plants, the l^eridosperms and Cj-cads which wene very abundant during 
the Mesozoic rapidly lost their importance and gave place to the flowering 
plants which became the dominajit group during the Tertiary, 

The Rise of the Himalayas.— The great Tdediterraneafi ocean, the 
Tethys* was first shallowed in the Upper Cretaceous as a resuit of the tangen- 
tml compression to w hich the crust w^ subfected* The mouniain building 
activity continued intermittently throughout the Tertiary" and brought into 
being the great equatorial mountain ^'Sterns which Include the Atlas, 
the PvTcnees, the Alps, the Caucasus, the Himalayas and the Malay Arc_ 
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Tlit‘ rise cjf the HinialfiyiiB took place in u. series of five or more stup¬ 
endous inov'emcnts punctiiaUtl by intervals of comparative quiescence. 
The first movement tot^k phice during the Middle to Upper Cretaceous 
when iht Tcthj^ was furrowed into a series of ridg-c^ and basins running 
longitudinally. It is Likely that in somu places ' isliind arcs ' were formed 
though it would be djfificuk now to identify tliem, particularly in the 
Himalayan region. Simultaneously with this, certain portions of the Tethys 
became flecpT and Radial aria n cherts were fE>rmEd at great deplixs. while 
in the shalkju' areas flv'sch-like sediments were dej^osited e.g., the GiiimaJ 
and Chikkim Scries. This movement Wiis also rt'Sponsible for the separa- 
tbn of the northern extremity of the of Bengal into two gulfs, one 
extending into Upper tbirma and the other into L-pper Assam. Similarly 
also a ridge appeared in the ncxrth-west, which st-i^araled the Sind Gulf 
from the Buhlchistan Gulf. 

Then follow cd a perknl of comparative rest after %i^bicb another 
upheaval took place during the tapper Eocene after the deposition of 
the Kirthar beds. After thw Uie Niiri. GaJ and Murrec strata were laid 
down which w ere marine in the sfmlh and brackish w'ater in the north. The 
third movetnent. which wsls probably the most powerful of all, took place 
during the ^Bddlc Miocene times, ft was probably during thb lime thqt 
the Himalayas acquired their major features and the Tethys ilisaptieared 
more or le^ completely, being replaced by mountain ranges with inter¬ 
vening shallow marshes and large river valiep. At the same time a long 
narrow trough seems to have been formed between the rising Himalayas 
and the Peninstdar mass. In the trough, which is often referred to as the 
joredftp, wtTre deposited sediments from both sidra and especially from the 
newly rtsi«n mountain ranges on the north. These seciiincnts constitute 
the Siwalik System of the Himalayan foot-hills anil their counterparts in 
Sind and Htirma w^hich are called respectively the Manchhar and Irrawaddy 
formations. These are largely of fresh water origin^ bm even though their 
thickness is large, they are shallow-water formations. 

.At the €^nd of Siwaltk sedinrmtation, i.c,* tow^anls the close of the 
Pliocene, a fourth upheaval took place. This heralded the iuMming of the 
Pleistocene Ice Age w^hich contributed to th* virtual extinction of the 
spijctacularly rich remnimalian fauna of thz Siwalik tirnjs, though a smill 
part of the fauna managed to migrate to other areas where tlisy survived, 
Tlie final phase of Himalayati movem?nts took pLaci? in eirly PlEistocene 
when the Pir Panjal w'Os raised upto its present height and pnssibly also 
some other ranges in the Lesser Himilaj*as ; for we find PleLstoccnc 
deposits on the Banks of the Pir Panjal elevated to si height of several 
thousand feet above the level of the lakes in which they wore originally 
deposited. Before this movement, mm had already appeared on the globs 
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and must hnve witiie^cl the finaJ phases of the rise of the Himalay^is. 
Minor adjustnqi^'Tits hav'e been taking pbee since then and some of the faultSr 
in the Himalayan region cannot yet be considered to have completely died 
dowTi, 

FluviatiZe and martne facies.—The Tertiaiy' mcks have an earty 
marine iacies and a later iatile facies, not only in the Hin^ahi™ but 
also in the Burmese and Baluchistan arcs. The original marine b?isins of 
deposition ^vere filled up and shallowed and later became csitiarine and 
deltaic, fn the north-western Hiniala^fa, for instance, the Eocene was 
marine, the succeeding Jdurree sc?diinents estuarine while the Siwaliks were 
distinctly flu via tile fresh-water) in natun?. 

Dtstribution.—^The Extra-Peninsular region show^s a gnNit develo|>- 
ment of Tertiary rocks continuously from the Mckran coast o( Baluchistan, 
through the mountainous frontier tracts of Sind and NAV.RP., to Kashmir 
and thence along the Hiniab 3 mn foot-hills to the Brahmaputra gorge 
in the extreme narth-east of Assam, Tliey are pRibahly continuous, 
underneath the Brahmaputra alluvium, with the broad Tertiary' belt of 
Eastern Assam and Arakan. rhis is separated from the Biiitiit'Se Tertiary 
belt by a zone ot Cretaceous (and older] rocks forming the central parts 
of the Arakan Yoma,. In Peninsular India, Tertiary rocks are deyeloped 
in comparatively small areas in Kutch, Gujarat and Trat^ncore on the 
western coast and Irii several places along the eastern coast up to Orissa 
and even West Bengal, 

To enable the reader lo form a comprehensive idea of the Tertiary 
succession in the different areas, a surnrnarised account is hrst presented 
before proceeding with the detailed descriptions in later chapters. 

Sind and Buluchlstan 

This region niay be considered the type area of the Tertiaries. not only 
because of the excellent developnu-nt of the various diviqiotis, bnt also 
because it was one of the ^rlicst areas to be stndje<l in detail. It is divided 
into two regions by the mountain ridges which form the boundary between 
Sind and Baluchistan Proeinces. Itt the Ptinjab-Siriid region^ as one 
proceeds from south to north, the strata change thcLr marine character to 
brackish water and fresh water. The Lower Eocene and Ohgocene are 
largely marine, while the Lower Miocene shows two facies and the succeeding 
Manchhar Series {the equivalent of the Siwaiik} is almost entirely of fresh¬ 
water origin. 

In Baluchistan, however, all the fomiatloiis are marine. This region 
consists of three parallel provinces or xones adjoining each other ; the 
eastern or Caicafeous zone show^ mamly calcareous and argillaceous sedi- 


THE TERTJaHV OROUP 


453 


XVl] 


ments of Mesozoic and Eocene flowed by Upper Tertiarj- sediments 
of brackish water to fresh water origin. To the west of the caJcarcotis 
zone is the h>io^ak-,\ft/crim j£we cornimsed mainty of fl>>schdikc sediments 
laid down in a marine basin, typified by the Khojak shales forming the 
Khwnja Arnran and northc™ Mckran ranges. The argDlaccoiis sediments 
are overlain successively by higher Tertian' strata in a southerly and south¬ 
westerly direction. To the west of tht- Kliojak zone is the north-western 
Cfiagai to„e in which are found Cretaceous and Tertiary sediments with 
inlcr^ded lavas as well as intrusjves. In this zone lie the volcanoes like 
Koh-i-SuItau and Knh-i-Taftan which have been active in recent geological 
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^liddlc^-Limetione 

J-awnr—and ivandltenea, 
praetjg^y absent from Sind , 


I 

I PbOMHe 

upper tQ Middle 
Miocene 

Lower Miocene 

Up. DUgoceevo 
Ln OitgOttGM 

Middle Euc-nne 


Laki (50O-2J0O ft ) 


Gkuij pilT^Lks 
Unngl^ian lime- 
MOne 

Meting sbiOefi and 
limcjrtcmrt 


STial« 

flcamj 
J* times 


and lime- 
witb cofd 
3fld fiontc- 
oi1 seepages. 


1- 

I 


Middle td [.j^Wer 
J^ocene 


Upper Rnnikot 

{MO (t,) 

Lflwer Ranifeot 

(I.OOO-LSOOfq 


Buff in brwn ^^u£nnlulitic limratone 
and shates 

GvpMikS shaJn an*! landstonea with 
li|mite and coal 


Low'tr Kocene 
i^Wewcwne 


CnwdtiA fwayiwanfi Beds Uanian to 

Mocatneb tian 


The calcareous zone uuludes the hill tracts of the Sind-Baluchistan 
border composed largely of hmestone and the overlying sandstoniMlay 
beds of the Baluchistan foothills, the boundary of this Province with the 
next adjoining one running about 15 miles to the wot of ^uet^ta. The 
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oldest rocks exposrtl in this ;irea ari? the t^roihictiis Liinestones which crop 
out as small inUcRi amongst Triassic shales at the bDiJiidai>^ of the Quetta 
and Zhoh districts. The Triassic rocks are sttcceeded by a great thickness 
of caJearcons Jurassic St^iments which arc well seen in the Chiltan and 
Taka 111 mountains. These are followi^l bv calcareous and argillaceous 
rocks of Cretaceous age^ ^^diich are intercalntetl wath pjTOClastics and volcanic 
flows. Slight sub-aeriaJ weathering of the rocks at the end of the Mesozoic 
is indicated by the presence of a thin laj^er of laterite on them. Marine 
conditions were re-established during the Eocene w^hen the Dunghan IJme- 
stoncs were deposited. The younger Eocene strata, of partly of shallow 
w-ater or estuarine origin, contain some coal-bearing rocks as also some 
gypfium bearing [SpintajigiJ beds. Tile SuJalman range was formctl in late 
Eocene times. The post-Eocenc deposits, represented hy the Gaj and 
Manchhar beds, are of fluviatile origin in the north hut of marine character 
in the south in Low^er Sind. 

Jn the Khojfik zone which lies to the west of the calcareous /one, the 
se(|uence is mainly argillaceraus and cornjaistd of thick olive green slaty 
shales and sand;stones with thin linrratone layers. The IxHcia are sharply 
folded anil thrust over those to the east Some fossils hnivo Ijcen found 
in the Khojak Pass north of Quetta in these rocks^ indicating their Oligocene 
age. On thie western side these are faulted against igneous and meta- 
morphic rocks to the sou th of Chanuxn and w'est of the Khwaja A in ran ratige+ 
The Khojak shaJe^s continue north-eastwards towards Port Sandemvn and 
probably into western Wajiristan and the a<ljoining part of Afghanistan* 
Continued to the south, they are found in the Mekran ranges where they 
are overlain by SiliddJe ^ind I pper Tertiary^ silty clay's and sandstones 
which arc of marine origin. 

Jn the north-western or Chagai zone there are i^eoua and metamorphk 
rocks which continuesouthw'aixls to Xiisliki and then turn sonlb-vvestw“ajtjs. 
The sedimentary^ sc<|uence here consists of Hippuritic limestones. Eocene 
limestones and shales and Upper Tcrliar)' sandstones, days, and conglome¬ 
rates. These contain some interliedded Tertiary volcanks aLw. This 
ione is considered to be part of the Iranian median mass. 

Th« Salt Range 

The Punjab Salt Range shows a fine devdopment of Tertiary' rocks. 
'Ihe top of the scarf j over the greater part of the range is formed of Eocene 
limestone, mainly of Laki age* while the Kanikoi Scries is seen as a shaly 
facies in tile eastern part. The limestones are interoalated with marls 
and are overlain, with a pronounced uiKonformity. by the Murret Series 
of Lower Miocene age. and this in turn by rocks of the Siwalik System. 
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Skwalik Svatiim 


Muttw AGri«4 

fZ-OOO ft) 


Laki 


Ftaaikqt 


CqcngkKtitcratw, ^ncliFtorv&H And Atmjes, 


p] LOCCiQq to Up(:w 
Mfascrtke 


tandi^tonra and J^wrr Miwru: 

purpJe shAlcfl, 


AtHiUhSp lime-' 


ftj 


'' £r4it4/far WjT (100-300 rt T 

! rtflu-ea And iruiri^ 

SffAEfJcir (20CI"S()0 

^ Scaip Urncstone 
Mammal limwstcttt amf jAalifj 
tl0i>-200 ft-J Limestottea, slm\ta And 
^ t^iil iTLiirl^ 

Palaia j[ 100-250 O.J. StiAka 

mfJi thin Iimeatqnt^ And sand- 
rtorKi and A EcaJ fl«ani at the 
ba«, 

Kfiairabad ftPUiiatM (50^500 
Nummulitic liciKtffiOnc$ acUl cakarcou* 

/V« hgdi {20-roa ft) SandstancA 
and ^haltd and tincmAtilic herb. 


* PArt of the Piita^ stiaJca u of Laid a^e. 


Middle to Lown' 
lOocttie 


t^wtt EocflfH 


The Pot war Plateau 

The- northerii slopes of the Salt mer^gc into the Pot war plateau 

which fonns the type area of the Siw^jk fonriatioos^ The Siw'aLika are 
divided into sex-end stages on lithological and faunal characters since they 
enclose a rich mammalian fatina. The succession is shown in the accoiti- 
panjing table (Table 58). 

TAiiL£ 5 S—Tertiahies of the Potwar Rkqioh 

Lr^ Pbblt^nif 
Up, Pliocefne 

Lr. Plleeene 
Up. Maaccfic 
i^tid. BlioCc^ne 
Mkl. MiiK«ne 

t^r. Mbciene 


Upper 


/ Ftin]tdcf con- 
glonvedilc 


(6.000 ft.) 1 ftS>or Atage 


LTatTOt 


Middle 


{ U-hok I^thAn 
stage. 
N'Ajffi StAgP 


Lower 
(5,000 ft.) 


{ Chinji !itagr 
Kxunlidl atAgc 


Congtomcrali^, SandstorKn , 
And cla^'n. 

CoArK H.ndBtniac4 

j ^n 4 ^biic^ 

I Sknditonra and ^hAlcfi 

SAnditiKVrt And ahidM 

P^ifdo^onglomc-nte^, mf 

I stialcs and |Tcy Aandstonea. 

I PkpudocfangbmeTAtn, gTf^ 
SHandftanefi ami ^alcS. 


MufTfrr 


^andttotica aihI phirpk> | 
atuM ! 
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Outer Hlmafayii of Jammu arid the Pftnjab 

Tertiary' rocks are dcvciopotl all aloti^ the Himalaya, theSiwalik strata 
forming a practically coustai'fct jwiw of outer hills. Older Tertiary rocks 
are also known in the Western Himalaya, where ihey are best developed 
in Jammu and the neighboiirhood. Table 59 show^ the ser)neJ>ce here i 

Table 59—TEtiTiAi«iF_5 or niE Jammu Stat^ 


Siwalika 


MufWrt 


QLbajmt 

Hill IJmcfttariC’ 
£L500 fl.) 


{ Upper {6,0W ft j 
Middle (l^k.OOO ft4 
I^wtr [5,000 It.) 


Upfper {1,000 ft.) 
t I^wer {5,000 fL) 
j iJaajd—FatcTjjang 
I of Derafcroii^ eani^tamenttefti 
UDCon{DrTnLty 

...| NiimmuHitJn ifibmk!!S llmEstonefi a,nc| 
mEiris. 

I MassiiiT' Nunsmulttk lirnffstenes^ with 
***[ coaly laycn. 


Upper to Middle 
Focene 

^fiddle to Lower 
KoocDt 


Jn the foot-hill region of the Simla-Garhwai Himalaya, the Eocene is 
represented by the Subathu beds consisting of grey to red shales, often 
gypseous, and some limestones. The Low'cr and Upper Silurrces ate re^pre- 
sented by the Dagshai and Kasauli beds respectively which are brackish 
or lagoonal deposits haA ing a total thickness of 7,000 or 8,000 feet. The 
Tertiary Tocks of the Eastern Himalayas have been visited by geologists 
only in a few* places and our knowledge of them is meagre. 


As»am 

Eastern and south-eastern Assam show excellent des'ebpment of 
Tertiary' rocks hut there is a gewd deal of variation in the sticce^ion in 
different areas. In Upper Assam the Disang Series represents part of the 
Upper Cretaceous and the Lower and Middle Eocene. The Jaintia Series 
of Southern Assam is of Middle Eocene age mainly. The succeeding Barail 
Series is of Upper Eocene and Ol%ocenc age and contains coal seams and 
petroliferous beds* There is a wide-spread unconformity in the Obgocene 
between the Barails and the Surma Series, A minor uticonformitv is known 
betw-ecn the Tipam Series and the Dupi Tila Series, while the latter is 
generally separated from the Ehhings by another unconformity in the 
Pliocene. 

The Tipams are Mio-Pliocene, while the Dihings are mainly Pliocene, 
pmbably extending into the Flektoccne and resembling the Upper Siwaliks 
in general. The general succession in Assam is showm in Table 60, 
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Table 60—Tektiahv SucCEssroN in Assam 


Aj?i^ 


KEfsceni* to 
Upper 
Oligoccne 


04i epicene 


Eocene 




Central Lower A&a^m 


UppNtr Assam 


Hicj- 

Plcbtocenc 


AEkh 

Fhocenc 


Dihing Swief — Picbbl^LTecla. Sanils and clay's Bikitif Seriss 
i 10,000 Itr or arvofeji , 

- -TJncortfonnity - - 

Dupi T^i'/jd Strut — SaoOa and cliiv* 

{about 10,000 feet) 


-Unconrormit^' 


Tipam 
Serj« 
{13.000 rt.) 

§urmu 
I Series 
(20.000 ft) 


(xniNumJ^gKhq) 


I OirHjtfM CftfV—Mottled tri>H;aii day 

I cby sand smidstOTlelt , 

NqB(£r/<?PMJ—Ferrari- Ti^j«i SamdttoMt 
naiLS sandstones and sub- I 
I ordinate clan's. 

^ Hi^ka Bit Siagt —Sandy sbalca. 

' And sandstemfB ^tirma 

[ Ukubim —Sandstones Srriti 

j conglomerates, tholcfl (redneed) 


-Unconfewmity--— 

> Hold, massive 

Ba.tv.ll JUindfltOtle 

Scriee C/nuiiH Stagv —SarKblanes and 

(19.000 ft) [ CarboiiaeeoLia sbAlei 

Sfaga —Sundsiones 
and Buboidinate stinlca 

JailUla "J KopiSi Moatly 

^n« [ carbonacerntt shaies 

(4,000 ft) f Syt^ N'ninmu litie 

J limestone 

-Uncoufarmitv —-- 


Upper Cretoceeui 


TtkaJk Fi4r^ 
Stag* 

Barag&lai Siagt 
Stoj^ 


Disathg 

Stfirt. 

tlO.OO0ft.J 


Sylhet Traps (? Jutftnlc) 


There is a mnsidtirable djfferem:e iti the lithology^ of the dior^reiit 
systems developed in Upper Assam and in the Surma Valley and Khasi 
and Jabda hills. Owing to paucity of fossils and their being of little iiso 
for precise age determination when present* the geologists of the Assam 
Oil Company have used parallelisin in lithology and especially sedimentary 
petrology (heavy mineral residues] extensively for purposes of correlation. 
For of our knowledge of the Assam Tertiarics wc are Indebted to the 
excellent work carried oat by that organisation. 


Burma 

The succession in Burma resembles that of Assam in some measure. 
Eocene beds are developed in the motuitainoos region of the Araksm Yoma, 
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closoly following the Cretac^wus rocks* Th^ Oijgoccnc and Lower Miocene 
are represehted the Pegu Scries* corresponding to the f^lunnees and to the 
Narj and Gaj beds of north-western India, The beds above these constitute 
the Irravh.‘a<kly System corresptmding to the Siwalik System. 

A nariiie lades is obsen^ed In tlus greater part of the succession in the 
south, but w^hen the same beds are followed northvitafd, they show estuarine 
and fresh-w^ter facies* This is due to the fact that a Tertiary gulf existed 
ill the region between the *^rakari Yuma on the west and the Shan plateau 
oil the east. This gulf was gradually filled up. the waters recetliiig south¬ 
ward as dcpositioii proeee<!cd. 


Table 6l~TiLKTrARY Sudct-^sjoisr in Burma 


IiTsi wraddv 
(5,000 ft.) ' 


Upp«: Pcgii 


Low^ Ptgu S«Tiei 


Eaccn^ Sy^stcm 


nuviaUk deposits witlj mamnui- J^kicGfi# to Upper 
ban jos&ilit and fnssiJ Miocene 

-" Uncontormj ty —^- -- - - 

r CJhcj^foti sands end clays ( lOOC It.) V'mdDbonEiLn 
< )<yaukknk sarLd5tonE {5.000 ft.) BurdiRaflan 
I Pyawhw^; daj^ f J*f »0 It.) Aqiiitanian 


■I^laevntological tircalc [■ 


1 


OkJ^micilmunic sand^ttone (3.000 tL) 
l^daunf; ctjiy* (3,500 ft.) 
ShirezeUw BaacktAnea f2.000— 
4.000 Ct.) 


riiattian 

stampijm 

LattarTtan 


Yaw shale* (2,000 fl.l 
PnitdauTig andjUmte {6.000 ft ) 

J TahylTi cLnys (5*000 ft,) 

Tdin ptandBlono (4,000 ft J 
Laungahe Hhntcji ( 10 .(D 00 ft.) 
,Pkuii^-j Eongl^meratn (3,000 it.) 


Biutcin tan-Ludian 
Auvi^maft 
Upper Lutetian 
Lower Lutetian 
Ypfwiaa 
Londinian 


Eastern Coast of India 

Associated ajut continuous uith the Cretaceous of the Uondicherrj' 
area, there are rocks which have recently yielded Eocene foramiiiifeni. but 
the extent of these rocks is not known. 

Overlying these unconforraabl^’ there arc idiocene rocks called the 
Cuddalorc Sandstones. They extend from Madura in the south to l^jndi- 
cherry in the north. The Rajamahendri Sandstones in the Godavari district 
and the Barijxida beds of >Ia>’urbhanj State in Orissa arc also of about the 

same age the Cuddak>re Sandstones 

Tnivuncore and Konkan 

Fofisiliferoiis Mioceiie beds are found near Quilcn and Yarkala in 
Travancore, overlain by current-bedded sands and variegated shEiles with 
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ligriitic matter (^arkalli bisis). They res^ble the Cuddalorc Sandstone 
and are covered by a thickness of latcrite. Similar beds also occur near 
Ratnagiri in Southern Bombay. Beds younger than these and of Pliocene 
have b«m met ivith in borings through the Cauvery aJIuvinm at Kaiaihal 
in tlie Tanjore district. 


Western India and Rajasthan 

Gujarat,—Small inlicrs of Eocene age occur in the coastal «^on of 
Siirat and Broach amidst the alluvium. Tliey are overlain by thick deposits 
of gravel and fcmjginous sandstone containing pebbles of agate and Deccan 
Trap. These are of Gaj age. The low'dyHng tract east of Kathiawar is 
composed of Pleistocene deposits. 

Kathiawar.—Small outcrofs on the western and eastern coasts of 
Kathiawar, consisting of clays, sandstones and conglomerates, belong to 
the Jertnuy' System. In the Pimm island Jying off the eastern coast of 
Kathiawar they contain mammalian remains of Middle Siwalik age. At the 
western ejctremity of Kathiawar are the Dwarka beds, ramppsed of yellow, 
gypseous clays below, anti foraminiferai sandy limestones above. Bclovr 
them are the Gaj beds. A sub-Recent foraminiferai limestone, called the 
Porbander stone, also occurs in this area. 

Kutch,—In Kutch there are wril-devoloped Tertiary strata includirtg 
the Laki. Kirthar, Gaj and Manchhar. These attain greater extent and 
thickness than in Kathiawar and Gujerat. 

■■■ andt and el*}.i 

■ Shale*, marls tad Mndiiones 

Nummul^C hnuratanes 

*.. Shii3«ts oftirQ btbj cninQUfl &q 4 p^i- 
tJetcan Tr^ps Xjivaa 

Rajasthan.—fn Bikaner and Jaisalmer there are Eocene strata con¬ 
sisting of Nummiditic limestones associated with beds containing lignite 
and fuller's earth. The Palana lignite field of Bikaner b situated in these 
rocks. The rocks are underlain by Cretaceous and Jurassic strata, 

This short autnmaty of the Tertiary group will now be followed by 
more detailed and sy-stematic descriptions of the different systems which 
form its constituent parts. Tlic inter-telatbnship of the strata of the 
different areas will be apparent from Table 62 which gives at a glance the 
correlation of the Tertiaj^'' rocks. 


C»j htda (1,200 ftS 
Kirthor ^700 ft.) 

Liiki (200 ft.J 


Plioccnfl 

Up^ to Mufdk 
hqceod 

Eocene 
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CHAI'TEI^ XVn 


THE EOCENE SYSl'EM 

Genera I—^The end nf the CreUccous period Avas miirked by a wide¬ 
spread marine Tegreasion which was, to a large extent, rcspoiLsiblc for tlie 
destmetioT) of the specially groups of animals like the amniDnitcs and the 
corollaid taindlibranchs—the Jiuiitsluf. 1‘his change was similar to that 
at the close of the PalaeoTuic era when the (iiitiiaitla and sjiecialiscd brachio- 
pods disappeared from the scene of life. The changes which happened on 
the surface of the land were similarly responsibh: for the sudden end of 
manv of the Mcj^>xok reptiles. 

ThLs marine regression accounts for tlic stratigraphical gap, with erosbn 
unconformity, which separates the Cretaceous from the Tertiarv formations 
in many parts of the world. In India the Eocene begins with the Rniiikot 
stage (Lower Eocene) which is developed in Sind and furtlier north. The 
overlying Ijiki and Kirthar Stages (Middle to Upper Eocene) are developed 
much more extensively in north-western India, The Uppermost part of 
the Eocene coincided with the second Himalayan upheaval, so tirat it is 
unrepresented by deposits in many parts of the Tertiary l>elt. The Eocene 
underwent some uplift and disturbance Irefore the deposition of the Oligo- 
oene began, 

Diatrlbutlon.—^The Eocene comprises three facies—deep sea, coastal 
and fluviatilc. The first is well-developed in Weatem Sind and adjoining 
parts of Baluchistan, parts of the N.-W, Front ier Province. Hazara, Kashmir 
and presumably' along the northern zone of the Himalaya tip to the meridian 
of Lhasa ; and also in the Arakan Vomas on the bortlers of Burma, The 
coastal facies is devielopcd in south Kashmir, and the sub-Himalaya from 
Jammu to near Kami Tal ; in Gujarat, Kiitch. Kajputana and to the south 
of the Shillong Plateau. The freshwater laties is seen in Upper Burma 
and in north-w'csteni Punjab. 

SINU AN'D B.ALUCHISTAN 

Tlic Kirthar. Laki, Suleiman anti other ranges of thn Sbid-Baluchistan 
border show au excellent development of Eocene rocks. The upper part 
of the Kirthar range exposes upper Eocene rocks which are appropriately 
named after the range. The eastern flanks expose successively younger 
heds. 115., Nari, Gaj and Manclihar, dipping towards the Indus plains. To 
the west, m Kalat, older Eocenic rocks are seen, which attain a thickness of 
10,000 feet. The disposition of the strata in the Laki range also is similar. 
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RANIKOT SERIES 

The lowest <ltwsion of the luicene is called tlie RanJkot Series, af£er 
l^ariikot in SinrJ. TTiey rest on the Deccan Traps or the Cardiff biaurnffnii 
bells xtnd show a sttatij^phica] break at the junetbn. The lower Ranikot 
Ixsls, which are 1,000 — l,500leet thick, coinprisesoftsiindstones, shales and 
vaHcfj-ated da>=^. Gypsum and carbonaceous matter fraciuently occur in 
them^ while in gne place there is a coal seam 6 feet thick. The fossils found 
in them arc dlcol^dedonous le^f impressions and oysters in ati oyster bed 
at the base. 

The Upper Rantkots, w-hicJi have a thicknisss of 700—SOOfect, consist of 
fossiliferous brown limestones interstratified with sandstones and clays, 
Kumiimlites first appear in the upper part of the upper division, the most 
characteristic spectes being iYiiwwwh'te fdanuiatus and 
These indicate a Ciiisian age. the rest of the beds Ireing probably referable 
to the Londiniau. 

'the fauna of the Upper Ranxkot coniprisi^ forammifera, corals, echi- 
noiils and moUuses, the earliest Nummulites occurring together with the last 
l^lemnitrs— Sfyrat'oti^uihti The EoGcne genus Hdmfpia which 

forms a link between Bekmnites and the modem cuttle-fish is al^ present* 
A laigc spedes of Calypiroph^rus (gastropod)^ which La characteristic of the 
uppemiost Cretaceous and lowermost Eocene is found in the lowest bed of 
the Up|KU Ranikot. The following arc the chief Ranikot fossils : 


TommkuLlcTJi 

,.i Nummulitit piaMoiaiat. rt^<bo£di, 

Assiliw Pdjti.^cifi, OpnadtnA cL 

Corala 

rAaPVTHafifrrtfa, KfJitnria, CyMitei, 

Eehindidt 

r . . PAyltaci^nfftstS Cypheioma abnormal^, 

Dkiyopittttu* Ccwrfvpmf Plfsioiampms 

pfactntAf, P. irtulis, Eitfk^ia ■fr<arrfji, htmiasirr e^i»tgatuS, 
S^kizasffT alvfi^aiur. 

Larai^Lkbrnncha 

Oifrta cf. muiikoifaia, Mluvaanas, 0, iatpur^, FhmiwgmtrtH 

haydfui, SfHmdytut Vfmri€mdiii A^lamdi, Cardium 

ikarpei, MrritFit rHwgHmK crrdetdmgi. 

<^iutn7pod5 

Surmta p^rcfiia, S', Pit^rofmma jAirtskttixis, C^ypirP- 

phorus iKdicuF, CcwiiJ btagrvtKi^ Atkifia mnetlmgi, V0i9iiQf:prbit 
iagrniiU, Lyti^ ftddfni, CimdfUAfS Ifiiontniis^ Sirrpiidtrm 

Gitorfm jkiraA^mxii, EDUiUmU 
fwofgAmi, ithmiiilMifis, utimuda, Turriti^a hatarnsii, Naiu^ 
adeia. CFtfmmium dudium, Vttatft 

Ophalvpods 

... NmuiilmS ntbjftuidaHiUnU^^ N. dtfud, N. N, Mfndintsii 
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GEflLOGV OP INDIA AND BURMA 

LAKr SEREJiS 

Thu Laki bucJs an; u'dl developed in tile cnlcarcouA jwne nf Baluchistan 
and also in Soutii W'a^ir^tan, Kohat. Salt Range, An«k district. Jammii, 
Bikaner. Hutch and Assam. They succeed itie KJiniUt beds and may 
aomctiinea be found directly overlying the Cretace^jus. TJic base Is 
sometimes marked by a aonc of fermginDu.s latcrito indicating sub-aerial 
weathering of the underlying IhnJs. The Lakis are tlic chief oil-]«ariiig 
beds of North-western fiKlia. Tliey are dividwl into three divisionH : 


t'pfHW 

Cjhoxjj beds 

tiypseoufl clayji. grrtnlab piandiitoiictt ajid ctftyi 


1 J,000 ft) 

of tlip flv^h facies, wllh occa^Eon^kf limestofieSr 
and CiMLt scacFiA. 

Middie! 

tfutltljhan L^imc* 

White or pale. mwEvc, nodular lin^e^tone in 


stontf tSQO- 

«00 ^t.] 

SiHd fdork colcHiird irv BaluchiiiTau). 

l4>w«r 

»- »■ Mvtani; Shslcs 
and lirncatoim 
(50—230 ft.). 

Wlitle chalJrj' lirtKestorieft and ahaleiS 


Utcrite 

Thm cru*t of ferrujfinotis laterEte, 


pie fuli succession is nowheru seen at one place. Tile MetIng shales 
are obse^ed only in the Laki range in association with a fine development 
of ^nghan IJmcstone which is overlain by the Kiitliar Scries, the Ghaiii 
sh^ being absent. In other pUces tile Meting Shales a« altsent bul the 
other two Stages are ux-U developed. The Gliazij Shales have a fly^h-liko 
aspwt and contain sotnu coal seams less than 2 feet thick, which have been 
workM p Kohat and other places. The coal, though of fair bituniinous 
qualriy. has a v-anable ash and sulphur content and is generally crushed bv 
fcirth movements. ^ 


The ptfKGHAN LIMESTONE ffomerly called Aivcolina Limestone and for 
which Col. L. M. Davies advocates the term Bolan limestone) is developed 
tj^ically in the Bolan Pass and also in the Bugti hills, Dera Ghaai Khan 
Md the bordere of Waatristan, over a distance of about 200 miles Karnes 

Iw'wT""' 87 (3). p. 1930)’ that the 

Meting—Dunghan limestone succession is not quite the equtvaJem of the 

^lan Limwlone but is further up in the Lakis. It is a massive, well bedded 
hard, tough limestone, sometimes nodular. The thickness is v-ariable but 
may reach a maximum of several hundred feet, In the Bugti hills it is 
rtl, ,u,, I„ Smd i, fc. . „t., .vkitf lta«l 

beam little rae„bl.m:e ij 

that of Smd, the estaanne shales developed in the former probably being 
^e equiv^lenU of the Chaaij Shales. Them is nothing corresponding to 
t^he Dunghan Limistone in Kohat and the Salt Range. The Lakis of the 
- Kajig* ;ire the Scarp Limestone and associated marls and shales. 


THE EQCESE SVETEH 
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Thf Laki Scries is cKaractnrised bv Xumtniihys ataXats. Assiiiua 
gmnithsa Ekiid Altreodvu tiblonga. The Shalt^ arc miciy fossilirermis 

but the Dunghuri Limestones ctiiilnin a rich reliinoid fauna, are also 

plant fossils inclitdin^ seeds and leaf impressions, 

Azsihna grujinfata, i^ppmrrts, XummithfiJi macuut, X. 

i*rf^wl4irir. 

... LtiiXitltirU tanaiiinliiia, Porwtdaris rauiri^ 

ttHWjftiia, Cpnodyf^ta. ith't<AafMs, Echini 
fvamui tmmmuIitifMs, AmMypygus sui^^rotunduv, EXafufmt 
fxse-Ktrwus^ Etkinvitimp^s roiauda, E. ^id. HOdilis. 

N. imtiaftn, Atrhiim M. dtfrfSM, f^phisasUr 

tymmtlwif tif i ^acrffpn^nitrw tpreh^ui, EutpuMHgHS ap. 

Tbe following niollusca are found in the Uki and Kirthnr beds and may 
probably be common to both : 

branchy ++, Qsir^a vfsrcul^Srrt. Phaft^^mva kala^mis, VulMila kgurntM. 

CtastTop*j^ ... Turrifdla angulvta, XfrtU uhmidftijuna. y^tics 

Tfrtbfilttm fdkatuM, PfiFritilana P, prfifwipki, ‘ 

MtfjrrAfcFcimi. 

KIRTHAR SERIES 

The Ukis and Kirtliars am exposed in the billy tmet of NVirth-ivestem 
Sind, both containing similar-looking m^iw limestone. The Kinhans 
are expcjsed in the Kirthar, Diimbar and Kimbii ranges while the La kb are 
seen to their south-east in the Laki, Sutnhakp Suijana and Karo ranges. 

The Kirthar Scries consbts of three divisions, the lower mainly shaly, 
the middle calcareous and transitional, and the upper mainly calcareviits. 
The lower shaly division is cluefly of the fl>^h facies, consisting of thin- 
beddi'd greenish shales and some sandstones and limestones, attaining a 
thickness of several thousand feel. 

There is a distinct sttatigraphkal an<l faunal break between Laki and 
Kirthar^ marked by brecciated limestone strata. Tlie basal beds in B;alu- 
chistan are loc^ly the Gha^abanD Lt^ESTONLs, named after a hill IS miles 
from Quetta. TTiey contain Nummiihris irr^gtfianX N. iafiigaim and 
expemens. 

The Middle Kirthars form a passage ^onc to the massive Upper Kirthar 
limcstoni^, and may in fact be considered as their lower part. They arc 
characterised by yummuJiUs giieh^nsts^ S. Iteaurntmif, Dis^itcycltna jiR'anay 
D. tmdulaia and A^sima spira, the last extending into the Upper Kirthar. 
Only the middle portion of the Kirthars is well developed in Sind, the lower 
beds and the uppermost beds being often missing. But all the divisions are 
well developed in Baluchbtan. 


Fctfaminifcm 

Ecliinoi^ 
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PLATE XXII 

LOWER TERTIARV FOSSILS 



EXPUHfAftQK 07 PlATB XXlt 


L Dnltt* jhiiaMriuit I2li}, J. (|/ 2 ), 3 . futMi (PaguJu/al 

^olpopkortis (2/3}. 4. TurrittHa (|/3J, 3 , Ampnainm (CrdNimium} pely. 

hitkra (l/J). 6 TmnttUa anguiata (1/3). 7 . ttimtUa /uiei4n (1,^2}- S 
mulitti wutMi (a. qwcinum ; b, «iuatoriaJ mid C, mrtidiMUl MCtions) (j), $. A'u(b- 

mmliftf nl/viw (41- 10 . Surnmuliitt IMrii ( 3 ), JJ. jTj, 
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The Upper Kirthars, also known as the S^siakca tiMESTOSEs in 
BahicKistan, attain lueaJly a thickness of 3,000 feet. Their characteristic 
fcKtanunifera is the lari^e form S'UmMniii^ 

The equivalents of the Kirthars are found in many placiJs in the Tertiary 
Alpine bell of Wcsteni ^Isia and the Meditcfrafiean region. The fvirtlmTS 
arc rich in fossils. Amongst the mi^re im|H>rtant of them are : 

Fur^midif-ora (Lawer) NHmtuiMiifts S\ uftiusm. A', utanm*, Jihiiaa 

txpontm. 

{Middle) A''uMHfunrif^ A\ A. 

MurcAffMi, A*, tiisc^hiua^ A. DirJyoa^m^idrt 

Di£c^y^(tKt /m ami, J>. diipaHsa. i). unMaia, A^iiina 
fjpp^ms, A. ipira, A. papilista. Aitf^tna MpUga. 

fUpper) .V, tampianafuf, X. biamUgmsis. 

Echinoida Cyp^m^ma Mndalmm, CQ»oclvpfia Siimorniia p&ly^ 

fttorpMa, Afabiypyi^s fMtfttduS, A. iaim, Ethinolampai Jtndni- 
tis, EcAinanihm inlpUKfdtHs, MmsSfrr fttmtdm, Scltizaslgt 
iiHiHlam. 

Since the foixunijiifera are of great importaiKe tn the i.oml sub-di%dsion 
of the Eoeenep Table 63 gives the chief forms and their distribution in Stnd- 
Baluchktan. 


SALT RANGE 

The Eocene strata of the Salt Range aie intermediate in character 
between the deep sea facies of Sind and the coastal facies of the Sub-Hima¬ 
laya. TTic greater part of the Eocene is well de^-eloped here, the beds 
generally thickening towards the west. The beds overlap the alder forma¬ 
tions and are overLain! by the Munees or Siwnliks, 


The following sgccession (in the descending order) has been established. 


Laki 


^ Hhadrar b^ds { LOO^lOO ft) — 'Sand^tcDca, marts and daj's. 

(200^300 ft)—Ma^va witfi chert 

^ nodules. 

Nuarwa/ LimetiMi and sAaltt {liXhim ft.)~LimefltQne9, toarU and 
^ ihales- 


1%. AiSiJina graTmiosa (3). I J. f?]^riiffiia rids^afia {$). 14. MitctHaMga miifxila (8). 
IS, lapidacyciina {Pofy^fpidina} pHn/abentis mendiciiaJ sKtion and bt c^uatarial 
iectmnl (16). 16^ Siagn^ia {fj. I7- MemiitMilia trigrwi (2/3), jg, yfxln^ 

^nm ramosa (3). 19. Afcid/am/lw rdm^a/t apcci wn : b^ Kctwn) (l). 20, Tfi>^ 

ckxyatAuj aarwmsis^ 21. Tfockocya/Aiij twwii {t). 22. pir/fWrijiia (4)^ 

23. CycMiUt vicaryi (ft, *?|rta etdafEcd) {IJ. 24. Cy^Uts rattikedi {3/2). 25, Saknia 
bJanfordi {2/3}. 26- C^mtxlyptus iMlUU (1/4)- 27. EurAodta imtrrUi (2/1)^ 

2S. ScAiiosttf ^v&ilatMs (1/J). 29. Sitmoitdia ptdym&fphm (3/2). 30l Ambtypygms 
subt^MduM (1/3). 31, Etkirnaiampit^ p^ihfa (|/3}* 32- Mfialia dfprma (l/3j, 

33- Euspaiangul argiiana (J/2}. 
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f Paiala fJOO-23D Jim^touCB And 

BarujHidnea, 

I K^iwobad lirnsmnfS j'30-300 ft.>~Nodn]nr 

I Dkak Pou bcdi (^101} It.^—Add fttmles, carboDaccqiis 
I ind with siithOT'difiatc limttiftotM*, 

L L&ieritc him^n 11 boac. 

Table Forajiinifeka of the Eotese of Western Inuia (After 
W. L. F. Nutt all) 


V.IL « VKy abundant 
a H abundant 
c ^ comm™ 
i « trcquirnt 
p — prwnt nr rart 


Spcdn 


Nummu^iUs pluntfiiUHs Link, 

l£f. ^Kfllarisfi I>'arrh. 

Suiffti/ilifjc mis££lta (P'Arth i 
Mjiime) 

ftfKiAafi Xtittall 
Opcrfuiina cattali/tra D'Areli. 

O. h^trdUi D'Amli. * tfaifive 
DkiyxQMcidti comdiH NuttaJJ ,, 
Aipt^ina Menga D'nrb^, 
#rf0S£u/itw;/oA^ (Lcym.) 

NummidtiiS trTfguiarii 
As^tii^ia fmnubffa D'Aicdi- **. 
Sumtttttliifi afmierti Lc^. 
Orbiiipfii^i €ompl 0 niiiit I.mlr. 

rjr^iwrN4 (Sow.) 
i^wmmnhits Mtiiwi (Sow,) 
Nmumuhlt^ xHtys {Sow.} 

N\ bfSMmOnii D'Arch. jmd Hmiccijr. 
N. MiMminjrm NutlaU 
Z>Ki^l>Jiorjl4i Aw^l (Carter) 
DislocyttiHa dUpaHMt (Sow.) 
I>.jtpana vnr. ijrdifa NnttalJ 
itndhltd^ NnttaJl 
D. tmmrbyi X□ ttaJ] 

eUii!4un (Sow.) 

XiiHntid^x latvigAlm (Broj^,) 

N, aff, Lmk. 

*V, r4iT^n D'Archr. A Hnimc 
. iiwhfmtii {Forii,^|) 

^firVinn tumcftlafa Xultall 
A. ^d/ iATd^ Nuttall 
A. jpiiW On Rcpi*^^ 
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Dhat Pass Beds— TTie earliest Eocene beds arc seen at Dhak Pass 
near Nainiiw], where the Jurassic rocks are overlain by a pisolitk ferrogi- 
nous band. Resting on this hand, or directly overlying the Juirassics, 
























































THE EOCENE 


469 


\\n] 






470 


GEOLOGY OF INDIA AND BURMA 


[CHAP. 


are the Dhak Pass beds confsisting of sandstortca and slialea which are often 
carboiraccotis and sometimes E>'p8«>ir5. and also some thin limestones. 
Their fossil cxmtejits include : 


Foniminiifera 

Ga^tfOpods 
Liinie] Itbrnnchi^ 


Op1^*cu^um cJ^ 0. Mfsegii^a 

LochknMtia L. kaimei. 

Cmiiidaria ef. apfAinnV Afeg4xrsc}ff^f&fa ranikidmsif, V^rfaUs 
ttoiiitttgi. 

CrasMiffia sa^ifsaii, Dip^i^^aia (J, Hindu. Z,vim4t vr£d£Hh^pgi, 


Khalrabad Ltm^stone.—Resting ovtir the Dhnk Pass beds there are 
nodtitar limestamc^ nniue^ after Khairal>ad near KaJabogh- They are 5CN) 
feet or more thick in the western Salt Range but gradually thm do\\Ti east^ 
wards. The following arc the cluef fossils in thi-s rJj\*i^on : 

FdtlUfnjnifGTfik NummaHUs nuiiatli, h\ ikaiutti, AisHiitu dandi^ 

iiflj, Optmainn iittsirfia, D, cJ. mnaUfira, O. jimmi, 
MiseeUanta Misuila, M. slumpi, LsekkafUa nmtaldi. L^xJk^ 
Harfin cmtd0i, Ahiolina ot^ic^a, DUf^^onmdfg 

fltmingi, LepidocyiUna (P^ykpidind) puMjtdmtfis. 

EdibiDdicrrrw ... E^Aodia wam'Jl., I/emtasrer i^hmgatvs, Pitsiohimpm ovalii. 
Gastropods Viiaits ptrwinus. 

LamllibraTiolis mutahHis, L. wtmpmenAs, L. cL hftidFdiu 

Patala Shules.— These form the Upper Raiiikot beds, mnipriaing 
dark grey shales, often carbonaceous, witii subordinate lintestones and 
sandstones. The coal seams w’orked at Dandot, Makarwal, Pidh and 
elsewhere belong to this diviskm. The shales are alum-bearing on account 
of the action of the sulphuric acid derived from decomposing pyrite 
contained in them, the alum being extracted by the solution of the shales 
in w-atcr. 

There is a marked change Ln the foraminiferal fauna in the middle of 
this division H the earlier forms like Mis£i‘Mdnm mha^IU, I^khiirtta huimH 
and LepidtKyclma pimjahtfish becoming scarce in the uppQt portiDn, and 
forms like Operndma ptUMemis, AssHina dund^ic^ and ^scccyclma rani- 
kotensiA becoming abundant. The fossils in the Patala shales include : 

Foramlnifrra ... Opmulina pdtalmsu, cJ. e^noE/sra, 0. SiiJra. G, subtolAa, 
Asnlitui dm^dfOkn. A, spinofa, Dist^xy^Jina rauiAoi^mis. 
Nnmmuiitff ghbiAus, N* cf. mamifia, AhK^iina gl^jHosa. 
vwtJ^mhufgi, Ar mN»dia. 

Coiaia A ffnHHnitf Hmtfawdi, TrJ^cAtKymktiS ct fpitkjxmift, 

C&vtropcxls TntTil4iio wanikoH. T. Miumdi, T. Aaia^ntis, fusci^, 

RimsiJa jamfsomL 

jtolfAWM, OsffM pkamottum var, avi£ulirta. 


LatncUibranu^lis 


The eoci-^e: system 
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Nammal LJmeston«s and Shales.— These consist of limestones, 
iind shales, a fine section being seen in the Nammal gorge. The 
chfkracteristic fossils are Nummitliies aiadcus, N. ct M im- 

^uitins, AssiHn^ j^rmtfiosa. Some long-range forms 3ike N, Mini, Lockhatiia 
tipfu^ri, ranikr^ttnsis, AssiHna sn^pinosu and Oifrea 

are also found in them. 

Sakesar iJitiesione,— This is a massive limestone, 200 to 400 feet 
thick, containing numerous chert nodulE?s in places. It is the cliaracteristk: 
member of the Laki Series, forming high cliffs like the Sakesar hill, tesanring 
above the scar|X Occasionally it is seen to pass into gt^siun, as near 
Ka]a1>agh. On account of its massiveness and well-developed joints, it 
weatheis into steep and irregubr masses taaving the appearance of mined 
fonress walls. The weathered surface shows numerous Knmmulites. The 
chief fossils loun<l are : 

SuHiifttiiiiiff .V. cJ, /I jr^fTiiia yf. Fpittosa, I^mkkariia 

Alpefflittit obi&HgM, ovoid^a. A, 

Bhadrar Beds.— These constitute the Ui>[K?rmost Uiki division, 
overlying the Sakesar hnicstone. They consist of sandstone^. I imps tones, 
clays and marls varying in thickness in diTfmmt places from 300 feet to a 
few feet. In some places they are associated with the rtdl clan's clwdCtcm- 
tic of the Chharat beds of the Kala Chitta hilLs. Massive g>'psum. rt^rded 
as derived from Laki limestone, ocairs at the base of this di^asion near 
Mari-Indus. The characteristic foraminifeni are Orbihid^s compianaitts 
and AssHina ct pustidasa, together with longer range forms like NummuliUs 
cl. mdmillit, y. iiMkiiS, Assii^na Suhspinosa, LtrcMariia a^riditi, L. iippm\ 
Ah^dina .1, ohlonga, 

KOHAT DISTRICT 

In the Kohat district, north-west of the Salt Range, there occur beds 
<ji rock salt overlain hy ma^ve gy^psum, the latter being altered limestones 
of Laki age. The salt of this region is grey or dark owing to inclusions of 
bituminous matter* The Laki limestone and gypsum are ihlerc^iJated 
with greenish shales and arc succeedetl by Kirthar rocks which consist 
mainly of limestomss and red ck>'S. 

Near Kohat itself the Lakis consist of greenish Exhales at the base, 
succeeded by the Swekwan limestone (Upper f.4iki) and by fwl g>'pseous 
<Uys. The overl>ing Kirtbars comprise a lower division of Kohat shales 
and limestones and an upper division including Nummulitic shales and 
Al\T.<h.ihA LraiE^oNE$. 
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Table 64—EocEiiE fobamimfera of tuc Salt Kahce (After Davies 
ASD PixS-pnLP, Pal. Ind. XXIV, I, p. 67, 1937.) 


* pmsent duly in A «fH4kll part af the strata 

X pTcaent tlitouiita^out Of in gfeatrr part 


Kiirvikot 

1 taki 

Speck^k 


L tM 
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1 ^ 

M 

u 

Bwiiidh Davi£* 


X 

X 




iMitm Dnvka 


’ X 

X 1 




p* (Davirs) 

, 

X 

X 




globvius Ijsynj, 


. 4- 

X 




ef. <blch. ± Mdli] 

■' ‘ 

• 

X 

X 

X 

X 

Leym. 

o * 1' 



X 

X 

X 

p, lakiri Duvif* 


- 

- 

X 




ifT^utaris 

tie Ui Harpe. 

da»do(i£a Davica 
grtfn ic/dsii O'Aixhr 
^piw&ia Havais 
suiispittiysa Davkft 
„ ct pKstM/mii Dud. 

cL canttiiftr^a D'Arch. 

S4tlsa Dmvpe^ 

*h liavies 

ft j^afiensu Davae? 

jiDUfri Daviea 
s/ampi (Daviea] 

„ mu£flh (D A. A HJ 
LocAhartiit Maimri Davie* 

tmiMdi (D'A. A H.) 
fojuliN (NattaU) 

„ fipfvri (Davies) 

54^j;a.ri4i fjrtUri Davies 
DidyiK^t^MoidfS fffmiagi l>avtESB 

H^msffgina c(. ruida Schw. 

IfpidacycHna (Poiykpidtna) pmnptbtniiE Davies 
DiiCMyfJimA ramikotfMiti Davies 
Orfyiioiitti t&mplawaius Lamk. 

Ahiidima VftddUmtgi Davies 
D'Otb. 

,, mmd£ia D'Ofb. 

^0£<7Jd teynt. 
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X 
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X 
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X 
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X 
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SAMANA RANGE 


Quartz U«s Udd Hangu Shalea^^— \i\ the Samaua Rang)e, which h« 
sottie distance to the north-west of the Kohat an?a, the Jowermost Eocene 
consists of about 150 feet of white quartzitic sandstones followed by the 
Hangu Shales which are 15 feet thick and fuU of fossils. The Hangu Shales 
form a useful marker horizon in this region. The fossils show alhnities 
with those of the C&itdiia h£aummii beds* btit the absence of cephatopods 
and of the larger foraminifera shows that they belong to early Eocene age* 
Low^cr Ranikot. All the fossils found in them arc new except a few 
which have a long time range. 
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Btaj^oFia Pliicolrxktif tipperi, Euphy^ia ih 4 iJeHSis, 

Aslracc^nia (PFaiMirtKo^ia) ra^ik^, biatt/^rdK CycFoFiUs 
in'fiflFyi, C. Plitcoimiiia u.\xdwt, 

<iastTi^pc6s .. CampamU br^mani, Tumfeila dmrifii, raaiifQti, Mfietitm 

/tUtMia, Tibia lomdA^nsij, Rimftia Imi, Euspira n>ii, <^^ 0 ^ 
tafia brsviipna^ Afi^htheftonta iwdidardiriH^f, FFtmijftaui mpfi- 
ftHsiit, MHFfx Wadiai. SiFtpsiAura Upperi, Tolii/d 
Aihlfia {Vidutotowbip^ dtt'iiti^ Lyria Mmattfusis. 
LamellibrAriel^^ . ^ Cardtta hii»ptitns,is, C^dtum Mm-iFbF ih^iV#, 

Tfape^ium daviitA, CwasiHflilffl tmgUHi, CcrbuFa JEfWflJiftMjj. 

Lockhart Limestone and Han^u breccia- — ^The overlying rocks 
show two facies, one being a massi^^ grey liniostonc of 200 feet thkkfwss 
(Lockliarl Limestone) and the i^ther a Jimestone breccia. The laigcr 
forajnifiik'ra make their first appeamnee here, species of Dkt\'oc 0 >ioMfS 
(Z>, haim^i, rtJTti'boIdi and i). being common. 

Lip per Rantkot.^— Above the Lockhart Limestones are clays, shales 
and impure linicstones having a thickness of 70 feet, capper I by a limistone- 
breccia which is 30 feet thick. The nii>st important fossils in these are 
Nummuiiies auiiSii, ihaiiciis. Operculmfi cf. eanaii/era ajid Dtu^^diaa 
sp. The Upper Ranikot contains several corals Including the following : 

ParaiyaibM attU3^. Ffddtnia janqu^miynAi. Astroaxma blatiftirdi, A^ TAaiPc- 

mmtrm baiti, Dipiorm Peckystrii Trafkosfris MiquatuF, Ttis 

famkofi. 

potwar plateau 

Hilt Limestone. — The lowest JEone bi the Tertiaries of the Kawngarh 
and Kala Chitta hills is a femiginous pisolite associated with unfossilifeious 
shales of Lower Ranikot age. This is overlain by the Hill Limestone, a 
massive limestone with shale intercalations, including Ijoth the Ramkot and 
Laki Series^ The shaly beds In the Hill Limestone occasionally contain 
lay^irs of coal* They attain a thkkne^ of several hundred feet but vary 
from place to place, the upper portion containing the Laki fossil AsSfffna 
granuhsa, 

Chliarat Series.— The Hill Limestone is succeeded hy the Chharat 
Series in the Kala Chitta hills, where the following divisions have been 
recognised : 

3. Nummuhtic shales (50-200 feet}, 

2. Thin bedded limestones and green shales (100-200 feet), 

L \"ariegated Shales and Limestones (300-500 feet). 

The passage bed betw^n the Hill Limestone aitd the Variegated Shales 
is a chalky limestone with gyps™- showing oil wpages near Chharat. 
The Variegated Shales and Limestones show fragments of reptilian and 
mammalian fossils and shells of Planorbis^ The middle division contains 
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and moiltiscs inclwlir^ CardHu il'entritardia) subamplanat^. 
The N'uinmulitic:shale;;contain numerous .-iMj/jnd papiUata and DtittocyeliHa 
jm-ana. It is there/orc considered to represent the loimer part of the Middle 
Kirthar* Thf* t'pper Kfrlhar is absent/ 


Kiildana Beds.— Some calcareous congjomerates and red shak-s which, 
are found between the ^uminulitks and the Murrces were descritaKl by 
Wynne as the Kuldana Series and legardwl as the «]uivajents of the Suba* 
thus. Pinfold showed later tha^ they are appro.'iimatelv of the same aee 
as the Chharat Series. 


ITic south-eastern Iturder of the mountains of Hajuira shows a well 
developed zone of l^cne rocks. At the base is a band of pisolitic laterite 
followefi by bcris of variegateri sandstones and clay's, about 20 feet thick 
containing seams of inferior coal. The^ are overlain by 200 feet of grey' 
w-eathenug. well bedded, massive limestones ivbkh emit foetid smell when 
broken. The limestones contain small Nummulti^s of the size of barley 
grams and a zone with Echinolmipas near the base. These may be of [jiki 
They are overlain by shales, marls and nodular limestone containing 
Monthvaltxa and large These beds mthcr resemble the 

LhliAr^ts And am? of Kirtliar aigo, 

OvcTly ing thwe with an iinconfonniiy is a hand of shales, cky^ and 
marls, 15 to 20 feet thick, known as the Kiddana beds. They a™ purple 
to deep browm in colour and contain Numinuli/a derived from the denuda¬ 
tion of the older beds. Tliese beds am succeeded hy the Murrec System. 


KASHMIR 

Kocene rocks similar to those of Ha/ara are develgjicd on the southern 
flanks of the I'ir Panjal. They consist of linii.'Stoues resembling the Hill 
Umestone, followed by a large thickness of variegatufJ shales containing a 
few coal seams in the lowxfr jiart. The limestones are ihin-bedded. paJe 
grey and cherty. containing a few A'«p«i««/ffes of Ranikot age and gastro- 
pods. They attain a thickness of 300 to 500 feet. The overlying beds are 
pyritous, coaly and femiginous shales with thin carlxonaceous beds. These 
®^*^^**^*“* W thin-bedded dark limestones containing Nummutifa, 
dss»7xn« Sind Oslewt. and these in I nm by i*ariegat«l shales of several hundred 
feet thickness witlt sanflsttuw intercalations, This shale and limestone 
format lull is similar to the CbliArats^ in c hatactera. 


Kanikut 


1 lenticBlar iiuElimulitic litncutonr MOO ft.1. 

Lf^TitiTUa aiuj stvAkn with ifmi^stan^ (50 
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To the ^11 th of the Pir PanjaJ theru is a series of outcrop^ of Eocene 
rocks near Riasi and Jammiu These contain a basal izonc of laterite sik^ 
ccediKi by grey and green pjTitoiis and c^u^bonaceous shales and yummuluic 
limcstopc^^ They attain a tbicknesa of fiOO feet or more and are similar 
to the Subathu beds of Simla loot-liills furtlaer east. The laterite is often 
highly" alumuious and may therefore be useful as an ore of altimbtium. 
The shales ov'erlying them contain scrams of coal which are workable but 
are moie of less crushed and graphitic. The Nummulitic hinestone is dark 
and thin-bedded, but when foUow-c^l wt'SlMraids becomes paler, more massive 
and thicker and contains NumsnuIiUs atffcicits and .-IssiViMd 

SUB-HniALAYA Ol- SIMLA 

Thf Jammu belt of Eocene rocks eontintus south-eastwards along the 
foot-hill itone of Simla and Garhwfil as far as Kaini Tab The deposits 
gradually thin down in this direction and am of lagoonal nature. They arc 
callcfl beds and consist of a basal bftl of pisolitic laterite overlain 

by green isJi grey and red gypseous shales wilh occasional sandstones jmd a 
few' impure limestone bands. The Subathus arc the er]nivaients of the 
Lakis as they have yielded .4ssf7fHfi grmsfilftm, .-C. spims&, .4. fryw^m, 
Nummulif^ ulacitHS, rnammdia, Lockharfia, etc. They are succeeded, 
after a gap, by the Dagshai beds of Lower Miocene age. 

CENTRAL HIM.ALAVA AND TIBET 

Upper Indus Valley-“Er»cctie rocks are found in the Upper Indus 
Valley in Ladakh along a ^one i>arallel to the Himalayan a.xis from Kargil 
to Leh, Hanle and beyond. They consist of fcldspathic grits, green and 
purple shales and limestones containing badly preserved Nummulifes and 
other fossils. The rocks have been subjected to folding and crushing and 
igneous intrusioi^ on a large scale. From fossil eindence it is known that 
the sediments extend in age from the Cretaceous to Oligocene. 

Mount Kailas.— 'In the south-w^estem part of Tibet is Mount Kaiks 
which Ls made up entirely of arkose. sandstones and conglomerates, .\cootd- 
ing to Heim and Ganssex, the conglomerates are at least 2,000 metres thick 
and may originally hat-e been more than 4,000 metres thick. On the north 
the conglomerates rest on the Kailas {Tnms-Himalayanj granite and contain 
large boulders near the base ivfiich gradually diminish in sixe further up. 
The l>oulders and pebbles consist not only of this granite, but also of grano- 
phyre. lipartite, dacite, andesite, and tuff of intermediate composition. 
These must have been derived from the rocks which are known to occur 
in the Trans-Himalaya mountain of Bongthol as shown by llennig and 
Sven lledin. The Kailas granite is a homblendic type without tounnalinc 
and is similar to the K>i-Chii granite described by Hayden from the region 
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of Lhasa. As it has cuntnliulfd pebbles and boulders to the Kailas coiifflo- 
mcrates, it should be of Upper Cnjtaccous or early Eocene agi:. It Is dille- 
lent from the toiimialine ami musern-ite gmnite ^ihich is characteristic of 
the main Himalayan ranges furtlnr sooth and which may be of diflerent 
ap. Tile great thickness of the conglomerates and sandstone in Mount 
Kaitrcs imlicates (Iiat tfiese must have been deposited in a steadilv sinking 
but shallow furrow formed m Cretanrou.s times dunng the first phase of 

Himalayan orogeny. There am no rocks in this region votinger than the 
h,QCt‘ne^ ' ^ 

T rocks occur over laige areas in Southern 

Tibet and form ^vait of the Kampa Sysleni, The sutulivisions r«ognEs«i 

S' fertiiginous sandstone U similar to 

the Dhak Pass licds of the Salt Range. The succeeding three beds are the 
ecimvalents of the Kha.rahad Limr^tonu, and all contain foraminifera 
specially the 0,wrculina limestone. The chief formninifera in these me 

dotychna {Ptdylt^p,dinu) punjal^^sis. Vemcuilta sp„ and these Isom a striking 
T^mbW to the fauna of the Salt Range. The moUusca found in tht^^ 
bette include Mf^dacypraea ramkottnsiii, Cosmun /mnrirrfi. mppackrcuesci. 

' 

TAfttE 65 —Eocene Succession in Kaupa Disonc 

f. fSO ft.}, tiowstonc full of O,bil 0 ti^Js 

F'"«^Kraih«l. greenish g«p wd 


L^i 

Luki 


CagtraM H ttoft.}. Hard, dark, ma™,ve 1 i mestnne, 

beildrd at twie. with a shale tend 40 ft, thick i list * 

the midclle, ■' ' * 

l^^emiRinous undfitones r^OO It) 

ASSAM 


> Upp«r Ri]ti:ii.kot 


tower Ro^iilcot 


The Kocene IS well developed in ,^ssam. In the southern and eastern 
of the Shillong plateau it is represented bv the Jatniia 5m« A 
different lithological facies, called the Dtwig Series, is fotmd in Uput‘f 
^.Mending from the Brahmatnitra \'alJe>- south-w^twartls into 
Manipur licyond. These two facies haA'e been brought into iusta- 
posftion by the Haflung-Disang thrust fault. While the Jaintia Sci^ 
covers almost the entire Eocene System it is thought that tHfe Disaiii™. 
extend from Upper Cretaceous to t|je upper part of the Eocene. 
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Jalatlii Series.— This can be divided into jstveral forniiiiiuns by reawn 
of their lilhologicaJ units and fossil content, ftic three major lithologioil 
divisions are the Thcrria. Sylhet and Kopitj. Hie different units nowr 
recognised by the geologists of the Assam Oil Co.. J.td.. are shit^^ti below ; 


Kcpf]i 

Stage 


SyMrwt 

UentsiAnc- 

Staple. 


Therria 

Stage 


Taejlk 66—Eocene Sl-cce5S10N in As>s.a!H 


f Altrmatkins of sha1r}i and sandjltnncl Viith bani;l»\ 
ai CAlk^areouti sand^lunes and ai^sJes 0 500 

Prattf F.imritmtr. FosuUfvtDus limcstOlle ') 

t400'^ ft.) ' 

yut^M Sandiitme. Saiulstane with iubofdi- f 
Mle calcareous tiaoda (60 ft.J 
Umtatdah L^ntfsfonr. Liiric^tones witli cicca^-^ 
^onal KinH-lfttone bonds 
(200 ft) 

F^kaditHd MiiJilMC. Cufid-benxinp; aatldfi-tones 
(80 it.} 

LifAiuionx LimtifirHi. Poss^i^rmit lEiueatonii^ 

L (300 ft.) J 


{ 


iFpp^r Thdrria, ttarj tendatones (upti* lOO ft.) 
L.owtr YkfTTiit, Liiiie^tji;j’ae:^ aud catcarecpyji 

HhfItiBCO-DGa (upto 33S ft.) 


} 


UppL'T 

iliUcene 

Mmh 

iiocme 


LuWer 

Eccene 


l^aloocen# 


The rocks shown tinder the Therdn Stage w'cre originallv incliided in the 
Cretaceous as Cherni Sandstone. 1-ox so^ested the name Tiira Sandstone 
for these rocks to avoid confusion. The Assam Oil Co,, geologists out 
that the Tura Sarnilstone near Jura h younger than the sandstone of llier- 
Haghat in Khasi hills and therefore advocate the term Therria Sandstone 
to the Paleocenc division. Mr. A. M. N. Ghosh lias now come to the con¬ 
clusion that the Tnra Sandstone of the Simsang section in Garo Hilts is 
equivalent to the .'ifvre/iiiii'beanng Middle Sylhet Limestone aiifl that tlio 
Siju Hmestone is c^juivalent to the Upjicr Sylhet Limratonc, The Therria 
Senes has not yielded fossils useful for h^ing their prtcise age hut they are 
undanhtcdly Paltccene. The overlyntig Lakadong Limestone has yielded 
typical! Ranikot fossils such as +Vwifii#Mi/iVrs ihaiici*s^ N. stfid^it^s, 
hatmti, il/iscW/airc^? misccifs, M. flttMifrina, Opfjctdtna cL fdWfffi/Cf'd, 
zl/tvo/fftet, Orbthsiphan tiMica, /)iHrcicrvc/iH^ ramkoi^nsis, Cypmna sp. and 
some calcare<ius aJgae. The GfnJatdch Limestone contains some .VwmwM- 
Aiveolina, Discocyclim, ^/j'/M'icieajid caJeareoui^ afgae and are thought 
to be o( Laid age. The Prang TJmestone encloses Xummuliks ^>ldusus. AT. 
acuitts, N. btranmonfi, AssiHna p^piUoia, DisoKycUna pmpka/us, D. sowerbyi^ 
Ecdktyoconus, Undert'na, Orbii^Hks Alv^iyiim, Cit/curiwti, etc. 

which indicate Kirthar age. The Kupiits contain DisctKycfina, 

HdtrosU^uiit and P^iiatnpim, of Upper Eocene age. The Sylhet Liuiesiono 
Stage therefore includf^ the Ranikot: Laki and Kirthar Series, 


The Lakadong Sandstone vihkh contains only poor coal seaitis in the 
south becomes thicker on the plateau and shows workable and better 
quality Goal seams, as for instance near Cherrapunit and Laitryngew. 
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■phr l^ran^ Limestone attains a thickness of abomt 700 feet to the south 
of the Jainda bills and is tlie ' Sy^Ihet Limestone ' used m the manuJacture 
df cement. 


The Kopi Li Scries (Kopilj nllcmaiionsj^ consisting of an alternating 
series of shales and sandstones oontain sevcTal borixons of fossiliferons 
limestoiK's which indicate iipjicr Bocenc age. 

In the Garo the Turn Sandstones consist of sandstones, shales and 
coiil scams. The\- have now Ijcen shown to be equivalent to the Middle 
S3rlhet Limr^tonL-s of the Khasi hills. They form an anticline to the sontfi 
of the Turn ningc and one limb dips steeply down towanJs the plains in the 
sotithr 


Tlie Siju Liniestont's overtic the Turas and are correlated with the Upper 
Sylhet Limestones on fossil evidence. They am overLain b)* the Rewak 
Scries which are apfiareiiUy the equivalents of the Kopilis further east. 
The succession in the t jaro hills is showu Lxdow : 


RfiWAK 

Siju 

Tuha 


^larine sonJAtcuica APid dnalfa 
— Mar^tie stiaJes and Jimcstcmc^ 

^ Upper Kttndstone 
Upper Cool seam 
., i Middlf aaitdftQnc 
I Lower coal SeAm 
.Loqict s^ndatone 


4.000 ft 
500 fL 

200 ft. 

2 tod ft. 
MQ ft. 

5 to 6 ft 
2L0 ft 


Disung Series,—^This fAcksof ib.; Eocene is well ileveloped to the east 
anti southK-ast of the Haffong IHsang thnist fault ru the Naga Hilts, Manipur 
■etc. The rocks consist of splintery dark gnej’ shales intercalated with fine 
grained saruistoncs. passing upwards into we]J-b«ldi?d sandstones, fn the 
Nagji hUls the shales are ofteir found to have been metatnorphosed to slates. 
Along the western edge of the liaiail rar^, the Disangs are thrust over to 
the north-west against the Kopili series. The Hisangs attain a thickness of 
about 10,000 ft. hut are mostly devoid of fossils. They seem to represent 
the wlwle of the Eocene, though the lowest part may possibly extend down 
into thrf tapper Cretaceous. 


rtURMA 

Eocene tock-s are found in a belt stretching from the Dutch East Indies 
through the Nicobar and Andaman Islands and the .Arakan Yorna to Upper 
Burma. 

The .Andaman iuid Nicobar Islands are composed, for the most part, 
of Eocene rocks. The lower beds are conglomerates and sandstones resting 
■on mks resembling the A.\ia]s, They contain Nummuiites ofocicHS and 
Asstitna and are therefore of Laki age. The same scries is mpresented by 
Jjmestoncs in Sumatra and J.tva, 
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Lower Burma,— Ttie eastern foothills of the AraJian Votna In Lower 
Burma show Eocene rocks apparently faulted against the pre-Tertiary 
rocks. They mmprise alternating sandstones, sandy shales and bluish 
shales containing some carbonaceotis matter and thin coal seams. The 
^dstones are sometimes used as a building stone. Tbe sbtdcs contain 
nsh scales ami phint fossils^ The shales and thin lim^tones occurrinif in 
the upj>er beets contain Ntimmuliie$\. Coal si^anis occtir in Etxenc sand¬ 
stone in the ricnzacla district bin the coal is cnL^hcil and friable and of 
littte economic VTiJiie, 

L pper The Eocene rocks of t'ppeir Burma comprise six 

divisions tsce Table 67) extaiding in a^c from the Danian to Ikrtonian. 


Tahle 67—Eoceji'e ok VrrER IkriestA 


6, Yaw aiaiRlv« (2.000 ft ). Marinir bla? 9liiiJc4 wiUi HortOniAc- 

' LiidJaa 


5. 

4. 


3. 


Z 


PondauDff jsimlatniacg (6.000 ft.h Cotlgio-mcratCS, nandaton^ 

ftnd ^'arioa^ted with mamnmliJiD fods^b .. AnverfMm 

Tabrin cbjfll (5.000 ft.}. Gre^n clays and with 

- - tfp. L^teban 

Tilin saiidakinefi (SpOOO it.}, GrN^abh 34iniift^nr«, ^porjele 

foEilikmua ; L. Lutetian 


Laun^shF sliiilM (9,000-12.000 ft.}. BEue Kurnmuliiie abaln. 

t)'pwiis and eoncmbtinary, with banda ef sand^E^e ., Ypreaiflji 

t^un^gyi ^nKlamcfiit«£ ia.000-¥.000 ft.}. CangkitnemtH. Tlianeiian la 
KfilA afid fiandati>T:i» naaiim 


TJse basai beds an? grits and conglometatfS ^vhich tJUCOnfomiLably rest 
on phylilies and slates of older age. Because of their inconstancy^ they are 
n^arded by G* de P, Cottor as the luwar part of the rjwrlytng E^ungshe 
shale stage^ The Launcshe sharks [tre thin-bedded blue clays^ often 
concrctionar>' and gyjiscous, wiEh bands of sandstone. Ttiev contaut 
^ummiihtes ^acicus, O/^ercuUtta capiaiifrra and some mollusca and corres¬ 
pond in age to the Lalds^ whereas tJie Paunggyi conglomerates may represent 
part of the Ranikots. The TiLtN sandstoSK^ are marine in the south 
and du via tile in the north and increase in thickness northward. They are 
sparsely fossilifeixius, containing AmpuIIina, Area. Cfridinm, 

TurriUUa and Volufthik^s ajid also fossi] wood in places. TIic succeeding 
TAnriN CL A vs are dark blue coloured shales with sandstones and pebble- 
beds. They contain septarian nodules, lignitic and carbonaceous rjests and 
some coal seams especially in the Pondaung range. The marine develop¬ 
ment in the south contains the chajacterislic middle Kirthar fossils Ntimmu- 
htfs vr^denhurgi and N. 
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The FoN'DAl'tfG SANDSTONES are typicallr developed m the Pomlaung 
ningc^ thv lower part being conglomerates, greenish sandstones and clays,, 
and the upper part greenishp purplish and variegated shales^ As with other 
formations they ^l^e marine in tlie soutli and brackish to fresh-water in the 
north. They enclose fossil wood which is usually carbonised in the lower 
part of the siagc^ and partly carbonised and psirtly silicihed in the upper 
part. The conglomerate bed at the base contains Cardita mai^Mts, Area 
pondiiiUfj^eH^iSt umf'/ojii, Ct^rbala d(dff>ni and some gastropoc^ 

The fresh^ter fades consists of rMl, bull, and cream coloured earths inter- 
stratihed with sandstones. The earthy beds contain reptiltan and manrt- 
malian remains fn the Pakokku district^ the chief mammalian fossils l>eiiig : 


Primatn 
B m n ta tluf i cl 
T apindac 
AnUsmcaUinridiic 


Traguljdac 


dmphif>iike£tti 
Sivatitnaop.f birmamium^ S. ariiffi, 
jnd^phus g^pai, Dfpftrlffla btrMio'Hibc^rfH, 

AMiAtaciilkfma pastas, ifostmwy fru^ifu, AHihrOiVltiryM 
kffipcs^ A. bifmaititiii, A. temtis, A. 
u?kyus ckiHfrmdts. 

Imiomtryx coiitri^ /, itrfnai'. 


The fossils indicate an Upper Eocene (Auveman) age. 

The Yaw shales rest on the Pondaung Sandstones and comprise bluish 
grey shales of essentially marine diaractcr, though the Buviatile representa¬ 
tives with coal seams arc de%^cloped in the Minbu district. They often 
show thin bands of impun:' calcareous matter, septan an nodules, phospha- 
tised coprolites and fish remains, loraminitera and molluscs. The chief 
fossils are : 


Foraminilitfa ,, A’liaiwH/i/ff Orihi^phf&gmiHa omphalus, O. ixUa. 

Gypiina Op^culina fanait/tra, 

LamclIibraTicKs , , ttr4ail#m'Tj, Cftrpula iMbfifaraia, C- pSUktHsis, Mgsetriw 

iCedriia) pammis, Vrmus pffSQktnjtis, Tetritta saJimfnsis, 
Cmiimm Ajug/^tfrpuni, Lukina yrnemis, Oiftra 
LfAa siIi'es^ri£, 

Oastzopoda ,, 1 j CypTafdia hirmamca, Gosavta 

j^afdwMpira, AlAhia rMaiinAaf, A. anhied, 
Voiaiititkes ara^ammis, Ctavdishii FWoftj 

pen'frtus, Ampullima cl. 

This fauna bears a distinct resembtance to that of the Upper Eocene of 

Java and to the Upper Kirthar of Western India. 


RAJASTHAN 

The comparatively Jonvljt^g tracts of Bikaner and Jaisalmer in south¬ 
western Rajputana were under the sea in Eocene times. The strata exposed 
here belong to the Laid Series and especially its middle divtslon, anti comprise 
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a considprabJe thickness of white or pale hgff limestone with Nurnmnltt^ 
and Assiltna granulosa^ 

The Eocene beds contain lignite Isods which are successfully worked at 
Palana in Bikaner, and also an cartljy broW'ti shale used as fuller's earth. 
The fuller's earth has yielded the t^'pical Laki foraminifera AssUma teyTr^rd 
and also species of J^alalia. Cibhidfs, NomaHt etc. 

KUTCH 

The Eocene marine invasion has left deposits in Kutch belonging to 
the Laki and Kirthar Beri<^. Chie of the two l:ftands is in the interior and 
rests upon the Deccan Trap, while the other, nearer the coast, overlaps on 
to the Jurassic rocks. 

The lower beds are gypseous, pyritoits and carbonaceous shales of 
Laki age oi'edain by Kirthar LimEsstones which attain a thickness of several 
hundred feet and enclose nummulites, echinoderms and other (ossiK The 
Kirthars are succeeded by shales, calcareous shales and marls containing 
nufnerous lamellibnuKhs and gastropods which indicate a Gaj (Lower 
Miocene) age* 


GUJARAT 

There arc two exjMjsures of Eocene rocks in the area between Surat 
and Broach, separated by the alluviuni of the Kim river* The smaller 
southern! exjxjsure extends for 10 miles northward from the Tapti and Is 15 
miles at its widest. The larger exposure, between the Kim and the Narmada, 
m 30 miles tong and 12 miles wide. The basal beds are impure 

limestones and some latcnte and contain such characteristic Ranikot 
Numniuiites as NammuUUs ihaiicus, N, giiMms and Drscoeyv/md aff. 
mmkd€nsh. The beds above these contain Asdlma expf^nrns, 
ramondi, Oair^a /tfosfc/fnrm pr£shi'icki, Naika krtgispira and Tm/- 

sdla kgumiii which are regarded as indicating a Kirthar age. The uppermost 
Eocene beds here, of PrirLbonian age^ have jdeldcd Discw^dina ^'m-^ana, D, 
cL disparu^a, PfU&itspira iadka, etc. Nafayana Rao has suggested naming 
them Pellatispira beds. 

A large thickness >[4.000^5,€00 feet) of gravel, conglomerate, sandstones 
an<i shales of Miocene age o%erlies the Eocene limestones near Ratanpur 
cast of Broach, 


PONDICHERRY AREA 

The discover}^ of Lower Eocene forammifera {Numm^diks and DU- 
wyclina) was announced by L* Rama Rao in 19J9 in sonre limestones m 
IS 
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the Pofidichern' area ^vhich wus hitherto krto^i'ti to contain onlv Cretaceous 
rocks. L'pper Eocene rocks with fo^ik of I utctian to Ikinonian age have 
also liecn found in some borings near Poiuhcherr)'* It may therefore l5e 
expcctcfl that an Eocene serinence will be found in this area ovorlying the 
Cretaceous rocks, and below the CucldaJore Sandstones of Mioceiie age. 

RAJAM A IIE.VDK I { RAJ At I UNDR Y) 

Ihe infra-trappean sandy Jimestone of the Kajumahendri area contains 
a fauna whose age appears to he doubtful but prolxibly l.‘Pjicr Cfeta<^us 
according to Medlicott and Blanford. The In ter-trapi jeans have in recent 
years yicJdctt a rich algal flora containing Jciatlana. Char a. etc. 

which have a decided Eocene aspect. The age of these beds in^y Im? taken 
as early Eocene. 


ECONOMIC MINERALS 

Amongst the more important resources of the Eocene strata are coaL 
limestones and cla\-s. In some cases they are also the source rock of petro- 
letini, though the petroleum may have migrated to later formation having 
suitable constitution and structure to act as irrserv'oir rockn Notes on 
petroleum will be found in the next citapter. 

CoaL-4oaI seams appear to have been formed both in the Ranikot 
and ^ki times, the latter being more extensiv^e than the former. Ranikot 
coal is found in the ilakerw^l area west of the Indus. The [>andot neam, 
which is found at various places in the Ihiniab Salt Range is of Lower Laki 
age. Coal of the same age is also found in the KaJa Chttta hills. In the 
Palana held in Bikaner, lignite is found as a bcrl M to 50 feet thick and is of 
I.aki age. It is associated with marine shales including bcils of fuller's 
earth. In the Shillong plateau of .^Usam (Garo. Khasi and Jaintia hillsj 
there are several coallields in the Sylhet Limestone Stage. These coals 
are general]}- rather high in voladles and in sulphur. The a-serves of coal 
in this region have yet to be investigated but they may be of the order of 
300 million tons. 

The main coal-bearing formation in Upper Assam, east of Ohansiri 
valley, is the Barail Series. €oal seams are being Uiwked in theMakuin, 
Nazira, Namdang; Ledo and other fields^ A coal seam was encountererl in 
the first bore-hole in the Nahorkati}^ oil field in the Barails at a depth of a 
little less than 10.000 feet, the st'am being about 10 feet in thickness and of 
quite good quality. 

Llm«sione— -The Eocene strata contEin large resources of excellent 
hmestofics In the NuuimuJitiC beds. Such limestones are e.vtensiv'cly 
developed in \\'esiem Punjab^ in the hills of the Sind'Balnchistan border. 
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as ^€Jl as id the Sylbtt district ol East Bengal and in the adjoining parts of 
the Shillong plateau. Several of these limestone deposits are being used 
for tha manufacture of cement. 

Clays.—There are also some clay deposits in the Eocene, though these 
are not of hi^ quality or of refractory nature. Near Sohrarim and a low 
other places in the Khasi hills, the sandstones contain a fair amount of 
’rtrhite and light coloured clay as mafris tvhich can be recovered by ^Tuahing 
and used for the ceramic industry. 
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CHAPTER XVm 


OLIGOCENE AND LOWER MIOCENE SYSTEMS 

General.—Tow“finis tiu': end qI the Eocene there occurred a second 
great upheaval vihich contfibnted: to the fontiation of the Alpineddima- 
kyati mountain sptems. 1'his had the effect of driving out the sea from 
most of the Himalayan area except along the southern border of the basin. 
In the Baluchistan Arc, a sh^dlow sea existed during the Oligocene and br 
soiuelimv later. The large thickness of sediments which w ere formed in 
the shallow seas on the western side of the Bafuchistan arc consistetl of 
caJcarcotis sandstones and greenish shales of singularly imiform apjiearancc. 
They form the bulk of the ' fl}^Ii * formation similar to the Oltgocetie flyseh 
of Alpine region. To the cast of the Baluchistan Arc there was a b^y, an 
arm of which extended along the foothill region of the Himalayas* This 
bay gradiiatly filled up during the rest of the Tertiary. 

On the eastern side of India also there was a ridge along the BurrriHV 
botdcT, on both sidts of w^hieh were sedimentary basins in which large 
thicknesses of sedirnents WBie deposited during the Tertiary. is to be 
expected, fluviatile sediments were deposited at the head of the hay^ wdiile 
brackish water and-marine sediments were formed to their south in the 
direction of the open ocean* 

The sedimentation continued more or less unintemiptcd until the 
Middle Miocene when a third mountain building upheavsJ took place along 
the HiniaLiyan region and the Baluchistan and Burmese arcs. The Oligo- 
cenc and Low-er lo Middle Sliocene rocks therefore form one stratigraphic; 
uniL This is reptestmted by the Xari and Gaj Ix^is of Kind* the HjTich of 
Baluchistan, the Murtee System of Western Pakistan and the Pegu Sy'atero 
of Burma. 

Marine incursions took place also along parts of the coast of the penin¬ 
sula, as for instance, in Orissa and Travancore, and possibly also along the 
eastern coast. The Oligoccne-Low-er Miocene deposits may therefore be 
grouped under four types, vj'r., an op«i-sea calcareous facies, [5) a shallow 
marine flv'seh facies, (f J a lacustrine facies, and (d) a coastal facies. 

SfXD AND BALUCHISTAN {CALCAREOUS FACIES) 

The Calcareous facies of the Oligocene-Miocene is developed in the Sind 
and Baluchistan mountdns on the eastern side of the Eocene strata. Two 
main divisions arc recogniseti. rfY, the Xari and Gaj Series both named 
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after rivers on the Sind frontier. Both sue characterised by massive lime- 
stones hut s&ndstones and shaJes also occur, especially iti the upper portion. 
Wicii follo^vc<l northwards, the i^renaceous element in the beds increa^eSp 
shoeing the Lipproach to land in that direction. 

Lower NarJ.^The Xari Serit'S is well dev'eloped on the eastern flanks 
of the Kirthar Ran^-and also to the west of the Uki Range throughout 
Jjswer Sind. It is divisible into two sub^senes. The Lower Nari is variable 
in thickness, from lOD to 1,500 feet, and con^sts mostly of limestones. The 
lower beds are white ajid nwsive but the upper are brown and yellow, 
inter-bcildeti with bands of shale and layers of sandstone. 

Upper Narl.—The I'pper N'ari Beds reach a maximum thickness of 
4,000 to 6,000 feet anrl consist of thick'bedded gcey sands Eoi>es and snboitli- 
nate shales and conglomerate. The RKiks arc mostly unfossiliferous but 
Certain bands are crowded with I t:pidocydmi^ {L, diiaiatu group) of very 
large sht^., often 2 Inches or more acrojiai. 


The Nari Series corresponds with the Staiupian and Chattian, covering 
the greater part of the Oligocene, .'\mongst its leading fossils, most of 
which come from the lower division, arc :— 


FGminin j tcrR 

Corals 

Echi[u>id3 


Lam(llibraiic3is 


Gajftmpofla 


.. SummMltiti imffrm^ius^ roiriu, Tjpidixycrtima ditataia. 

.. MoMtitmUia tP^Ptri. 

,, Bfeyma EapisiagMs Eckini^lamp^ 

JiSCitfdtus, ClypFftstrr itmpdfx. 

.. /raaii, 0 . ^r^icwfms^ O, Amguhta, fV-cl<n Pu 

arfkufftim, Aiea Lmttm c<dt*mbenft, Cm^xateita 

f splindida, C. xxtwffrmtdia, pufFpt^m 

VAF. a/sfautar, V. mmiiifituulh. Pf/aw 

.. Tmlra ArtfiJIa infirm, ValvfftxpttM .nmdimiit, Lyria 

Cyprofu CfriiAism simiifni. C. hka^ 

fh^FrxMxr. 


Gaj Series.—The Nari Series is overlain conformably by the GaJ 
Series which attains a thickness of l,50Q feet and consists of v'ellow and 
browTi limestones, either massive or nibbly, with ifitercalations of white 
arenaceous limestones, cUy^i and gv^isura. The lithology^ indicates that 
the area of deposition was first marine and later became gradnallv estuarine^ 
The two divisions of the Gaj have several fossils in common but there are 
also some species exclusively found in each division. 

The following fossils are found throughout : 


Hcbinaitls Prrymj49 carmaia, P^upAtagxK paitHarit, EfkiMof^mpaX /OFfiH- 

MrdwO, CtypiMiit profundm, HehtnodiMu* pfactmlm. 

GastropoflA ,, ptmtuili, TumMIa arngniaia, T^UtcepiMm 
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PfiieH u:abrt{Ius, F. ieHoloriui, pifadatrgU’^. IVmif 

grtiHos^, CUw^niin fmpyra^fa, Diicoes Latina 

ti^tnnbfUa^ L'tc, 


The ^ipecies found in Lower Gaj are Ostna iiiigitiaiti, Pfden lahadt;yi, 
R iiriicuIafHt ami LtpidiKinJiHa marginata. Those in the Upper Gaj are 
Osfw {atimarghmta (characteristic), O. gajtmU. O. imhrkata. O. pagensis, 
O. cesiitii. PedtH piaeftiia, P. siibcottieus. Area pedJitiisis, A. hiruesi, .H. 
semitoria atitl also some remains of Rhinoceros. Tlie age of t!ic Low^er Gaj 
B .\qiiitauian and that of the Upper Gaj Bnrdtgalian. both being Jj.wer 
Miocene, and they coiTes|iond respectively to the Rembaitg iincUNjaliRdung 
Series uf Java, 


BALU JiJiiTAX (FLVSCU l ACIES) 

Khojah Shales.—Heyond the calcanmus /one, in Baiiichistan. there 
occurs a vast scries of sandstones, shales, and sandy shales constituting the 
flysch /one which includes the hills of the Zhob and l^ishin valley’s, the 
KhTivaja Am ran range west of Quetta and almost the whole of the Mekran 
province. This region is cccupiwi by dose-sot ridges consisting mostly of a 
monotonous scries of sharply folded and sometimes overthrust sandstones 
and slaty shalrt of a greenish colour known as the Khojak Shales which 
resemide the Oligocenc flysch of Egroj«. Jn the region of northern Mckran 
the strata are friable clayTi, The typical Khojak Shales contain fos.siis only 
raiely. Amongst them are {CameriHa) inUrmfdtMs. N. mscus, 

UpidocycJina {Eii/rpidina) difatata. Rdatia. Trifonifma, Clotdgtrina. etc. 
They are apparently the equivalents of the Nsri Series. 

Hlngfaj Sandatones.—Large masses of sandstones with shale beds 
rest tonformably Uf>on ihcsc Oligcwcne daj,-s and make tip the Rminsula of 
Ormara and Gwadar. the Hinglaj mountains and other hills of the Mokran 
coast. The shale inteTcalation.s sometimes cotitain fossils, especially in 
the uppermost and lowemiost horizons. Tlic lowest beds contain Ttirriklla 
Jatana, Odrea qingemk. Area bttrntsi. Dmma pneuda-argus, ’ The iippef^ 
most beds contain Ptden vatttti as the commonest fossil and Vedagus 
honntd. Crepidula suheenir^iis, Odrtti frandtda, 0. eueuPata, Area dkaricaSa, 
A. squamosa. A, tortuosa. The beds in the middle contain Turrilelh angulaia, 
7. T, battdoengfKsis, Osina virkti, 0. pdrosa, O. digilalina. 

Area tn/lala, Ctftiieniia papynwea, Circf corrugata^ 

\ large proportion of the Hinglaj species occurs in the Miocene of Java 
and Burma, the fauna of the upper portion bearing some resemblance to 
that of the Karikal Beds on the Madras coast. Tlie Hinglaj Beds correspond 
to a part of the Lower Afatichhars and are of Hurdigalian to Helvetian age. 
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NORTFi-EASTEi^X BALUCHFSTAN 

Bug!I Beds.^In the Bu^i hilts of Fldtichistan the marine element 
of thi- Nari Series liecomes very reduced, Ix^iug represented by a sinall 
tliickiicsiii of bro\\ti arenaceous limestone containing the cliarxcteTistic 
Nummtdiifs. Th<t^ are siicx€?eded by 5 series of flu^^atile sandstones with 
the characteristic Gaj Osir^a^ at the base, the FkkIs above containing a rich 
vertebrate and fresh-water lamellibranch fauna including the ribbed Untos, 
(7^* tm-diia, U.^ f7, c&rdiff>Ftnis.] 

The vertebrates include 1 

Avihraisifi^ium hugf^nsf. A, tfugli^Hsu, htath^cnitu ^iganl^ui^ 

B. hy'opct^mindes, Pi$raf^aihmt4m HrmSmiryx 

bugfi^s, TfleMfras blaM/orJi, Ciid^recikfritfm iisdicttM, hirlHcktfkfnum sp., Pi^n>dim 
bitgtifnsfig Awfikieytyn 

Pilgrim originally ainsiderod the Bugti Beds as Upper Nari |Up. Oligo- 
ecne to basal Miocene), on the evidence of v'crtebrate fossils. 1-fc later 
revised the age to Oaj on the strength of Vredenburg's work on the spedes 
of Ostren found in these lieds, A re-examination of the evidence bv^ the 
geologists of the Bunnah Oil Co,^ has now led to the re-adoption of Upper 
Nsifi age. 


TOTU AR PLATEAU AXD JAMMU 

Xorth-western Ihinjab and the adjoinlr^ regions of Jammu and KaMunir 
ctmtain one of the most complete Tertiar> sequences in India, This region 
Was once a basin of large dimensions in which were laid down \'ery tluck. 
deposits of brackish and fresh-w-atcr origin during the Oligoceno and 
Miocene times. The earlier deposits (Lower Miirrek's) ore of brackish water 
origin while the late ones (Upper Murrccs) an? fresh-wntcr deposits, 

Fatehjang Zone.—4 he Chharat Series of Up|jcr Eocene age is ovcriaiiit 
vrith an iinocmfonnity marked by a bed of conglofneraio alniut a foot thick, 
by the Fatehjang zone which belongs lo the basal part of the xMurree Scros. 
This zone consists of bro^m and grey .^uiilsiunes and pseudo-conglomerates^. 
The numerous large NummuliUs with which their cvposures an? covered 
have been derived from the denudation of the earlier beds. Several mamma¬ 
lian fossils, indicating a lower Burdigalian age, are found in the Fatclijang 
zone : 

AulAifmitihtFium bugiUuv^ Htmtfrnyx sp. Bwhy dins a/rUanmi. Palaroeko^Fm 

fdfrkjangrfis^. 

.%fIITree Seriea^—Tlic Fatehjaug ^one passes upivard into the Lower 
MuTTces which consist of bright purple shales, hard purple and grey sand¬ 
stones and pseudo-tongbmerates. They contain sparse fossils including 
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leaf impiiessioiis {e.g., Sa^l major) and some iannellibranclis. Tlie red 
colour of the rocks points to heavy oxidation and rather dry conditions 
in the areas from udiieh the sediments were derived. 


The Upjicr Murrees are distinct from tlie lower, especially in the Salt 
^ge, being composed of soft, pale coloured sandstones resembling the 
Chinji (Lower Siwafik) Sandstones to some eiLtcnl, Thnjj' contain impres¬ 
sions of dicotyledonous leaves and remains of mammalia including primitive 
rhinoceros. 


The Murrees are typically seen at and near the hill station of Jliirrec 
and attain a maximum thickness of more than R.OOO feet. 1‘hey are deve¬ 
loped in the eastern t«rt of the Salt Range and are succeeded by the Siwaliks. 
They anr regarded as of Burdigolian to Helvetian age (j.f,. Middle Miocene) 
and as the equivalents of the Upper Pegu rocks of Burma. 

The Murrees are the resewoir rocks of petroleum in the Khatir oil field 
of the I^taar plateau, though the petroleum probably originated from the 
underlying Ecmne rocks. 


SfML.\ HfMAL.^VA 

When followed eastn.ards from the Jammu area, the Murrees diminish 
in tbicknc'ss and are represented in the Simla hills by the Dagshai and Kasauli 
Beds udiich are roughly the equKalcuts of the Lower and Upper Murret^ 
respectively. These luids, together M.-ith the underlying Siibathus, used 
to be included formerly under tbc Sirmli^h Svsteh, 

Dagshai Bcds,^The Subathus are overlain by the Dagshai Beds 
which comprise a series of very hard, fine-gralneii gre\' or purplish brown 
quartzitic sandstones intercalated with seams of claj-. The clays 
predominate in the lower part but the sandstoiics gradually increase in 
proportion and thickness in the upper j«rt. The sandstones are massive. 5 
to 20 ft. in thickness, and scarcely show any stratificatbn. The clays are 
purplish broum, mottled with grey, and are harder than either the Kasauli 
or Nahan (Lower Siwalik) clays. Though no disoonformity is apparent 
between ihe Subathus and the Oagshais. the former is Upper Eocene and 
the latter Lower Jlioccne in age atid there is a stratigraphical gap between. 
The tmisition betueen the two is somewhat abrupt and is marked by 
pisolitic marl (a red clay containing calcareous concretions), purple shale 
and while ^andstorK' with ferru^noiis concFptioiis, 

Kasauli Beds.—^The Dagxhai Beds pass conformably up into the 
Kasauli in which there is an absence of bright red days. The Kasaulis 
are essentially a sandstone group with minor argillaceous bands, the sand¬ 
stones being grey to greenish in colour and generally softer, coarser and 
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more micaceous than the Dagshai Samtetones. The argiUaceons hands 
arc gritt 3 ^ greenish or bm^n and weather into angular splinten* chips. The 
Kasaulis are poor in fossils, impressions of palm Itsif (Sabal major) and Unto 
shells Iwing found. The lithology- indicates that the Dagshais are brackish 
water deposits and the KasatiJis fresh-water ones. 

In tl>is region the junction aone between the Kasaulis and the Nahans 
is generally a thrust plane, h is also possible that some of the rocks con¬ 
sidered to be Kasaulis are really- Kahans. 

.‘VSS.AAI 

1 he rock groups falling into the Oligocenc and Aliocene in Assam are 
the Barail and Surma Series. The Barails extend up to the Chattian 
(Upper Oligocene] while the Surmns are of At|uitanian and Burdigalian age. 

Buruit Series.— TJic formations which represent the Oligocene and 
Miocene in Assam have also different characters in different areas. The 
01jgt>cene is largely included in the Barail Series, the name being derived 
from the Barail range which fonns the watershed between the Brahmaputra 
and tile Surma \'alleys. fn Upper As^im it consists of three stages ; 

3- THak Parbat St«gr ,. CarbonacMbS tlmlbs and coal (t,500 It,). 

2, Baragotm Sfitgr .. Sandstonen. rarbonacrons ahirirs mad coal icsuns 

{l.tK» It,). 

t. A'atgaon S$agf SandslODcs (S.OOOft.j. 

The Naogaon stage consists of hand, thin-bedded, grey liagg>' sand’ 
Stones forming prominent hills. The Baragolai stage shows alternating 
sandstones and shales with coal seams e.g., in the Baragolai Colliery. The 
Tikak Parbat stage is more or less similar to the Baragolai, the coalfields 
of Nazira, Alakuni, Nemdang-Ledo and Tikak being in this sertr^. The 
boundary' betw^n the two upper scries is drawTi at the base of a thkk coal 
scam. Mallet originally called these the ■ Coal Measure Series ’ of Assam 
(.1/cm. XII, part 2. 1876). The Baragolai Stage is the thicket of the three 
and is responsible for the hugest number of oil shows. It is in the Rnraj i s 
th,at the oil horizon of the new Nafaorkatiya oil held, some 25 miles »vest- 
soutli-w'est of Digboi, was struck at a depth of some 10,500 ft. below the 
surface. The same bore-hole also showed a good lO-foot thick coal 
at about 10,000 ft. depth. 

The Barail Series occupies a large area nonh-east of the Haflong- 
Disang thrust but shows a different lithological aspect. It is well developed 
in the Surma \alley, North Cachar and the Khasi and Jaintia hills, where 
also it is divtcicd into tlirce series : 

JfrM/iSia^ .* Mwd mawiivc sandstones and very subordinate sltaks 13.000 

It-l—Chattian. 
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J^nam Stage SajiilitOrteji Eltpmating with c^ujziinEnt slialcs and cjirlwna' 

CWII 5 Jihiaic# ( 3 , 000—4000 ft.)—LattoraAD, 

LAi 30 MffSrog$ Hand, thin bedd^ sand*fftoiijefl subordinate fihalof (6^000 

— S.OOO lt|—Bartanian to Auveraiaii. 

The Li&i^Tig^, jike the Nao^jyonSj tdim prominent scarps well exposed ill the 
Barail Range. TFie Laisoiigs arc rouglily equiviUent to the Naogaons 
while tin; Baragolois may represent Upper LaLsong anti Lotrer Jenam, 
The Tifcak Parbat Stage is thought to represent Upi^r Jenam and Lower 
Renjt. The Barails apparently extend southwards through the almost 
inaccessihle Assam-Arakan mountains into Kamrce island. 


The Barails in both the areas are mainly arenftceous but the sands 
increase in coarseness in a north-westerly direction. The argillaceous and 
carbonaceous contents, especially the latter, increase in a nortlHrastcrly 
directioii. There arc no coal seams in the isurma valley but they begin to 
appear east of the main UhansJri valley, the seams l>cing often 10 (t. thick 
northeast of the Dayang v,alley. The best development is found in the 
neighbourhood of Letio. Though thin scams arc present at several horizons 
in the B^figolai and Tikak Par bat Stages, thicker seants arc conhniLii to 
comparatively small parts of these stages. 

The Barails arc poor in fossils though they are mariue to estuarine in 
large jKirt. Some micro-foraminifeni and larger fossils have been found, 
from which they are regarded as extending from Upper Eocene to Cliattian 
fl’ppcr Oligocene), At the top of the Barails then* is a marked unconfor¬ 
mity all over Assam, indicating a period of uplift and erosion. Tile un¬ 
conformity probably covers a large part of the Oligoccne in plates and 
there are great variations in the thickness of the Renji Stage. 

Surma Series.—The Surruas. which follow the tmeonformtty over the 
Barails. are generaUj comparatively thin in upper .\ssam. not exceeding 
2.000 ft., and sometimes even absent and overlapped by the Tipains, To 
the south-west they greatly increase in thickness, being 10,000 ft, thick at 
the head of the Su^a volley and 20,000 ft. in the Arakan region. The 
siiJxlivisl&ns rw.i^ised are :— 


Boka Bil Static 
(J.OQO—5,000 ft.} 


Bhiiban Sta^c 
< 4 , 000-^,000 ft.) 


ahafes. 


sHtt* fcmiginoiiit 


^ L-fiper 

Middle 

Low^ 


: Conf^binPtaLnu aandjitotlta and j&jadv ehalffr— 
Aqnitaman. 

: Sbalcfl, aoiKly and some nqnjjltHiJeralca— 

: nandy diAks and (^nelormrTBtn— 

CtAttiatl ? 


The Bhubans, which take their name from the prominent scarp of the 
Bhuban Range in North Cacher, arc mainly sandstones and shales, with 
some conglomerates, the relative proportions of the first two varying 
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ansidembiy The !ou er senes contains roughJy equal proportions of the 

=i"d the upper mort sandy, fn the 
Mikir inlis the unconfomuty below the Sunnas is wdl seen and they traa-: 
gness over the tiarails and Jaintias on to the metamorphirs. The hasal 
conglomerates of the Stimas as well as the Harail rocks are harder than tlie 
middle and upper part of the Bhutan^ and form the more tugged topography 
which represents roughly the pre-Surma topography of the area. 


The Surmas, though also muinly arenaceous, are strikingly different 
from the Qverlymg massiv-e, coarse, remiginoiis, false-bedded 'sandstones 
of the Tipam Scries. The Surmas arc poor in Carbonaceous material thus 
wnlrasting with the coal-bearing Basils below and the lignite-be.vine 
Titiams aljovi!. ° 


The Bhnbans ate almost devoid of identifiable fossils though shell 
fragments are found in several exposures. Only at Kancharipur in the 
Surma valley was a good ooUection of mollnscan fossils got which are 
allied to the Upper forms of Aiiuitanian age {Lower GajJ, The com¬ 
mon genera arc fiastfiasa, Caac^ltiiria. fiippt/Hyx and Seittus. Molliiscan 
fossils Jinve also been obtained from localities in the Arakan coast. 

The Boka Bil Stage consists of soft sandy sliafps or alternaffons of 
a^d and sliale layers. In some places they contain also lenticular ferru- 
ginous sandstones. In Upper Assam they have not been identified : they 
are thin m the Naga HilU and increase to 3,000 ft. in Surma valley and 
5.000 ft- in the Arakan region, ft) some places there is a gradual latcntl 
piiLssnge from Boka Bil Stage to the Tipam Sandstones. There arc fossjJi- 
ferous exposures in the Boka Bils in the south-west of the Shillong plateau. 
Vredenhurg (1921) and Miikherjee (1939) ha>-B described the fossils from 
Baghmara and Dalu and the fossils indicate that the Boka Bils are of Burdt- 
gnlian age. The more important genera in the Garo Hills are 

lamFlUbranchi .. Ana, Csrtfiiim, Cklamys, Dtuinia. Sarbalia. DrUlia, Lyfin. 

Oiiria, Mit£fr4tt Pifar, ^kmniftna. 

Gastropods ,. AnkUttiafnea, .Vo/™. Simmt,. Mfira, Tumitlta. diva 

Ttrrlua, CtmHi. ” 


BURMA : PEGU SERIES 

The Pegu Scries occupies the tract l)etween the Irrawaddy and Sittang 
rivets including a large part of the Pegu Yomas. It is also found west of 
the Iiraw^y between the Eocene strata and the later Irrawaddian Beds. 
It is marine in the south but fluviatile to continental in the north, and 
because of the lateral %-ariatton. the correlation of beds in different oreste 
is not an easy matter. Table 6S shows the cta^fication of the Pegus 
adopted by the Geologkal SirnTy. ^ 
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Tabll Tuc Pegl^ Series (G. S, L) 


Aiuiiiktaung Stage 

Pyalti Stage 
(1.500 ft) 

Karrm Stage 
(1.300-2.000 ft) 

Singu Stage 
<1.500 ft.) 

Sitn^'an Stage 
tr.500-^.000 fL) 

ShYvefctiw Stage 
(1000 ft.) 


Gnta, ccmglomeratcfiL sajiJstunis 
and loine shoJi^, 

Sandatortca, aJialej and pebS^« 
beds eoataining Oslrejt laii^ 
tw^inara. 

Sandstoflea and shaSeta wiOi rich 
ICBStTQpad fauna. 

SajtdilaEves and shales tvilh nq- 
in^mus diDlluscir 

Shahs and ^aruJstonefi with Lfpi- 

Sondstancs with A3MpulJ*Ma bir^ 


Vindebani^in 
(L. SiwjUik} 
Burdgalian 
{Up, Ga).) 

A(^ nitanuLn 
{Lr. Gflj,) 
Chattlan 
(Up. NarL) 
StampiaD 
(Lr, ^asL) 
i^ttuf^an 


The Shwemaw Staj^e cons^ts ol shales in Lower Kurrna but becomes 
arenaceous when followed: northwards. In the Minbu district it is a shallow- 
water sandstone. Thin coal scams of poor quality with niimerous sandy 
partings occur near tile Yaw river, Xcar Shinmadaung, north of l^akokku, 
the sandstones contain AmfitiJUna birmaiiica. Other fossils found are 
Cardita cf. miftafiitis, Ostrea spp., Vicarya sp,, etc. 

The Isitsayan Shales are well developed in the Henzada and Pro me 
districts. Tlvey are mainly blue clays with poorly de\'c]opcd bedding but 
Contain beds of mstrl and thin sandstones especially in the upper part. 
Amongst the fossils are rrifoijjWfrt, Corbuta, Pceieu, etc,, while Le^fdoncffiid 
thej>haldi occurs in the upper part. 


^bc Padaiin^ Ola^s of the Minbu district which arc blue cla^^ with 
some grej* limestones, are their efjtiivnlent-s and contain Nueulu altocki, 
Ttilina indifferent, (kn^ia irravadittt, Cyprmt sifiej-ctsa. Ctavilitha uminudus. 
//;nifsr<i parduds, AiMcta theob<ddi, iyris varicom. 

Sin^u Stage.—The Pegu rocks exposed in the Singu and Vetiangyaung 
oil-fiel^ are typical of this stage, being sandstones and shales. This'stage 
is represented in the Minbu district by shallow marine deposits and in 
Pakokku by estuarine deposits. Among the fossils of this stage are : 

.. Dendraphyliia iigiiatii. D. ma^oTiaua. 

.. Lima protoi^mmtw, Pitna ittfuinma. Sefiti/er nirabaricui, 
A. niuta ale/xki, CantiSa scaiir^sa. Tfoebyeawiliuin miabumit. 
Pilar pnlaillaeina, Catbaia rugoia. 

.. .^Kbilrdaniea marirna. Sigaratiu netilaultMt. runUeita auguJora, 
Vitarya wwwYi, Catm birmaM^a. Trifmtdea martimiana. 
AlHaa jaeabsi, .\filta ameueii^u, Amitla birniauica. Gtttola 
irravudiea, Ccsmj odeagmtu. 

Kama Stage.—This stage is named after Kama. 18 miles from Protne 
and consists, in I.owcr Burma, of blue shales and sandy shales with 


Corals 

i-a-mtltititimcfiJi 

CoBtropocB 
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ixicasionaj saridsioncs. It has been, called the l*iadaiikpin clay in the Tlia- 
yctmyo district. It consists of soft sandstones and shales with brackish 

and fresh-water fatina. The fauna of the i^adaukpin cla>^ includes— Lida 

Virgo, Corhitiu Ti{rr{UlI{i aciftiamn*da, T. angHiaid, Rimdh 

Pyndii Cassidaria cckitwphirra, Randlu miiqua, Conus odtngj^nsis^ 

Dri/Uii protocinci^^ 

Tlit^ iiLantm:L|iain found in ihu ' 

Antlirjt^utlieridue . „ sp. 

ithinoceratLclBjc ,, Cu4nrcMmwm ip. 

TruaultdAe f. Doriiilhtrium birmamtttm. 

PyaJo Stage.—This is an arenaceous stage found in Lower Hurnia 
around Pyalo on the Irrawaddy, and chajatterised by the occurrence of 
hiimiirgiHittiK Tcnhm promrnsis, l^urriteila phtfaidi and Tmbm 
myaujtguefisis also occur. 

Akauktaung Stage.—Named after the Akauktauug hills in the 
Henzatia district, this stage comprises grits, congloinerates and yellow 
ssiiKlstones with bands of hhie shak-s and calcareous s indstone. The marine 
fossils in this stage include Osfrm ging^usts, 0^ i?r>fc/i. Area hurttesif, Cytherea 
crVfjFki, diibiosa, Turritella HcttRcarittiifa, T, simplex and Con its !jicrati$s. 
The fresh-water representatives of these beds in Upper Burma have yielded 
Cwcnu pciFfdd and [iadssa crawfordL 

The geologists of the Burmah Oil Company have adopter! a diHercnt 
cJassihcatioi^ of the Pegus Ln which the two lowermost diviskms are the 
Slime as those in the Gwlogical Sun*cy classiheatiou. An unconformity 
and palaeontological break occurs in the middle of the series, the jiortion 
Ixdow- it corresponding to the Oligooene and that above to the Miocene^ 
llie classification, as published by O. W. Lepper, is show n lielow — 


Table 69 .— The Pegu Series (B.O.C.) 


{3,000 ft.}. Rapklly 

thin b«U of wnd* and wmJy clay or clpiy. Often 
mi^alng in thi^ iinrth VtndboetHEl 

KyouAk^ landiioiMi {5.000 ft )- liwlnde the 
Bandatonrai nncl the highest fVgtt samItlOiKS of the 
centtmK oilfickls. Ytlkpfwish hfown jiand-ttonr^ ami 
aulnonli m te sandy ^haje-? with a rtch tunellLbrBnch 
fftmia -i. Bufdsgaliao 

Pyowh^'t ilavi £3.000 ft.). Cimcretkiffiiiiry blue tendy 
ctnyfl artd thin ^Hiidstoiirs with 

^ BlHjndant r . Ai^uitnnean 


m 

Li 

I 

O 


Uncemfortnity 


O^Amrii/iftrJif mnditvHFi (3.000 fL). Tiloasiv'e mnd- 
atoneSv iwn4y with thin gny 

Padamg thyx 12.500 ft-). Bluc-Etcy clays with 
hmutone bandj , ^ 

Skwtifiaw mndfiom (2.000-4.000 ft.). Artfiatcoua 
^ in the il04th ami atgillaocOtM in the south ,, 


Cnatt^n 
^tnmpLan 
I .attjGrhalL 


h h 
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The iVgu atmta show a great deal of variation in eoaslituUon froin 
place to plate, the marine facies of the southern areas gradually changing 
northuards mto brackish and frcsh-wTiter facies in Upper Burma The 
upper beds m the north contain fossil wood, which may be carl>o,iaceoiis 
^careoos, sil.ceoinsor ferruginous, but less abundant than in the overlying 
Irrawaddy srstem. 


PKTKOLEUM 

It is now generaUy agreed that petroleum originate from low marine 
o^usms and that the source rocks are marine siiales, sUts and limestones 
The accumulations of the oil into workable pools depends on the presence 
of porous sands or limestones folded into antic)iii«, domes or monoclines 
and covered ivith an impermeable shaly cap. Genenillv. thertfore netro^ 
ieum andj^i^ated natural gas migrate into such suitable structures and 
stratigT^iphiical traps from v^hlch they aui ultimateiv be won. 

The Lower Tertiarics of India, l^ikistan and Burma constitute the 
chief rocks of petroleum. But owing to the fact that the greater 

part of lift- hkely areas have Ixicn violently folded and faulted during the 
Himalayan or^eny, unbroken petroleum-terring structures are ferv and 
many are^of oil seepages which have iieen closely examined hav^ Iwcn 
found to be barren of \i^rkabk* petrolciun deposits. The Teitiatv belt of 
Burma anti a fc\v lo^ties m Upper Assam and In the Potwar plateau are 
the only are^ which have so far proved to contain useful deposits. Very 

^reful search for other suitable stmrturt-s may help to locate a few new 

rtf las. 

Inter^t has been roused in recent years in the deltas and alluvial 
troughs of the Indus, Iraitges and Brahmainitra as they are likely to contain 

rJfI J". *hick alluvial 

mantle The Nahorkatij-u held some 25 mii« S.S.W. of Diglioi, in which 

cul has bwn struck m the Barait formations at a depth of a little over 10 DW 
ft., i^ctually in the Brahmaputra vaUey outside the Tertiary area which 
has been cut off by the Naga thrust. In the Brahmaputra and Ganges 
valleys od pools are ifcely to be found in stratigraphical traps and 
unconformities as also m gently folded structures. 

B,.rma,-Thc Pegus contain the chief petroliferous horizons of Burma, 

r"”n " older beds into the anticlinal 

^ts m the Pi^gu San^tones. The petroleum and gas iim k*.p( in by- 
beds of imywn-ious aigrllaceous strata capping the sands. ^ 

The most, prralurtivy oil-fields of Burma are those of Upper Chindwin 
\enangjut in the Pakokku district, Singu (Chauk) in MyinJjLi. Yenang- 
yaung m Magwe and some minor fields in Minbu and Theyelmyo ^e 
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ftiaLr Cbindvi'in’lrnnsatJdy valley' is a syncJiiie with a moiiodi're oti the 
west and series of broad folds on the east. The main oilfieJds arc situated 
on the first antieline east of the main syndine. Yenargyamig is the most 
productive field in Bunna and has maintained its high production (about 
130 miUioii gallons per >'ear) for a Jong period. Singu ranks second with a 
production of 90 million gallons, the producing sinds here being at deptlis 
of J.400. I.SOO, 3,000 and 4,500 lect depth. Lajiyua is on the structural 
■continuation of Singu, Yenangyat and Sabe are on a structure slightly 
to the east of the Singu one. The Indaw field in Upper (.'hindwin is tite most 
northerly field jmw worked, while the southernmost group ineJudes the 
31inbu, Yethaya and Palanyon fields. 

Tile first development in Burma took place in IBS? in Veiiangyaung. 
follflwrtl hy Yenangjat, Singu and Lanywa. The bulk of the total produc- 
tion of 37.7 million tons upto 1942 has been contributed by Veiiangyaung 
and Singu. The oilfields were put out of action as a war meiisure in 1942 
but they have gradually been rehabilitated since 1950. \fost of the oil is 
of good (|uality with fairly high content of paraffin was. 

Assam.—Oil and gas sfiows are fairly numerous in l.'pper .^ssam and 
Surma valley down to the Arakan and a few occur along the southern 
border of the Shillong plateau. Practically all the major divisions of the 
rertSaiy group Iwlow the Bofca Bits give such iivdications, particularly tlie 
Haiuils. The Tipoms have oil shows onJy in the Hrahmuputra valley in 
L.pper .'tssam. The oil sands of the DJgboi oil fields are in the Tipams. the 
producing sauds ranging in depth all the way down to 5,000 ft. The now 
abandoned Badarpur field produced from the Bhuban Series. A small 
production has been obtained from the Baraili in the Makum area while 
the new Nahorkatij’a field west of Dighoi now proiluces from the Baraifs. 
ft is not known whether the Barails are the source rocks in all cases, but 
it is gcncrallj* agreed that the oil in the Tipuins has migrated from an older 
formation. Both Badarpur and iJigboi arc situated on tightly folded 
asymmi-trical nnticlittes with major thrust faults milting the steeper flanks. 
.■\t Hadflfpur seversd producing horizons were struck in Lower Bhubans 
and in the Upper Barails within a depth of 1,500 ft. Some 60 wells were 
drillwl here and the field was producing only lietwcen 1915 and 1932. yielding 
about 20,000 tons annually. The Masimpur and Patharia fieltis, in spite of 
much attention ami drilling cNpended on them, have given only a verv 
small output. 

The Digboi field was discovered in 1889 and until 1921 the production 
was less than 20,000 tons jter annum. Thertaftcr it rose to over a qtiarter 
of a million tons. Most of tlie producing sands arc in the Tipams. The 
field is about 10 miles long and tlie structure's narrow, being cut off on the 
north-west bj’ the Naga thrust which brings the Tipams against the allu- 
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vium. Tlie oil is of mixed paraflin and asphalt base with an a^'erage sp«tfit 
gravity of 0.850 (0,823 to 0.879) and yiehlirg excelicnt paraffin wax, Kihrt- 
cating oils and some bllmncfl. The total pnoductton to the end of 1952 
from Digiwi is estimated at over 6.5 in til bn tons of crude oil. 

The Nahorkatij'a Iteld is outside tJie Xagn thrust area, in a gentle 
anticline in the l3araiLs. It was discovered hy geophysical methods, tlie 
producing sands being at a depth D>f over JO.OOO ft. ft began production 
in 1953 and is considered to be promising. 

Oil shows arc also kiuni'n in the Arakan area but there is no |>todticing 
field. Stuch exploration and drilling have been done in the Tertiaries of 
Upper Asani, mostly with disapiiointing results. There arc ^>ossibilities 
of discovery of oit-bearing structures in Tripura and Chittagong hill tracts 
and underneath the lirahmaputra valley and the Ganges delta. 

West Puniab.—Ill the Pot war region of West Punjab, which is 
the onJy oil protlucing area in 1‘akistan. there are four producing oilfields 
namely Kliaur, Dhiilian, Joy a aiair and BaJkassar. The first two are 
elongated domes along the northern side of the Soan basin while the latter 
two are in t),e more gently folded southern H:uik of the basin. The full 
stratigraphic succession is e.^fiosed along the Siiilt Range which lorms the 
southern edge of this basin. But within the basin itself the Eocene ilirectly 
overlies beds of Pertno^Iarboniferous age and is succeerled by conglomcrdt^ 
and sandstones of the Murrees and Siwaiik Systems, ranging (roui Miocene 
to Pieistocene, The Muirees and Siwaliks lie iiUDOnformably on the Eocene 
but without marked discordance of dip. The folding of this basin is severe 
in the north in the Kala Chitta hills, but becomes more and more gentle 
in the middle and south, nie source rocks of petroleum are considered 
to lie of Eocene age, mainly the limestones of the Middle Eocene. Oil has 
been found m the Eocene (Sakesar Limestone) at Jova Mair and Balkassor 
A few oil shows occur on the surface in the Middle Eocene and particularly 
in the passage beds where they change from marine lo brackish water 
chsiractqr. 


The Khaur oilfield was developed in 1915 and oil has Iveen oblained 
from vanous horaons of the Murrec Sandstones and from Eocene limestones 
from a depth of 150 to 1.600 ft. Most of thtse sands, however, produced 
only small quantities of oiL More steady produccbn has been obtained 
from the Eocene rocks at a depth of 5,400 ft., mainly from limestones TJie 
total production from the Khaur oilfield upto 1952 has been of the order of 
3.5 raiUion barrels, the imnual output having varied from 6 million aUlons 
to a Tiia,xinium of 19 million gallons. Prom a study of the conditions in 
thUoa field it is clear tE^t the oil whkh migrated upwards fiy;m the 
Eocene beds was trapfied in Upper Tertiary Sandstones. Tlie character of 
the oil in the Khaur field has varied with the depth, in the sands down to 
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I ,(X)0 ft. dcplh, the oil has a specific gravity of 0.8SQ with only small amounts 
of wax and asphalt. At greater depths the oil is somewhat lighter, but with 
more asphalt and wax. It is prolxifale that the two tvpes of oil originattKi 
in separate strau in the Eocene. 

ITic oil in Jo)^ Mair is dense, highly viscous and of poor ^piality. J hat 
of Balkassar is somew hat better, rrenerally gas pressure is pexjr and the 
Eocene reserv oir pocks at depths of 7.(XW to K,000 It. have higlily vary ing 
permeability. These fields have been developed only since 1935^ 

1 he Dhulian field was drilled in 1937 but began production only some¬ 
time aftcni^^irds. It is the most pro<l active of the four fields having 
produced over three-<jiiartcr million tons from Eocene rocks at a depth of 
apound 7,700 ft. The oil is of excellent quality but the output is steadily 
declining since 1944. 

Other areas.—It is likely that the Teiiiaries and even the pre-Tertiary 
sediments in other areas contain petroleum. Such are Sub-Himalayaii 
region M'here generally the strata are much broken up by thnist-faulls ; 
the Tertiary belt of the Burmese and BaJucbislan arcs ; and the Indus 
and Ganges v^alleys and deltas which cov'er Tertian^' rocks. It is also 
likely that the areas covered by Tertiary' rocks along the eastern coast, and 
particularly the South .4rcot-Tanjore region, may contain oil. A laige gas- 
field has been found at Sui in the Sind-Baluchistan area and is being deve^ 
loped. Prospecting operations are being conducted in the Indus and Ganges 
deltas and in the Brahmaputra valley of Upper Assam for discovering 
possible j>etroleum-beaiing stniclures. 

IGNEOUS ACTIVITY IN THE EXTR\-PEX1NSUL\ 

The c.xtra-Penbsular region bears evidence of considerable igneous 
activ'ity especially during the earlier part of the Te^tia^J^ Large masses of 
tourmaline and hornblende granites were intruded in the Central Himalayan 
region mainly during the second and third orogcnic tiphenavals at the end 
of the Eocene and in tlie Miocene. Too little work has been done on the 
igneous rocks in the Himalayas for us to be able to differentiate between 
products of the activities in the different periods. Many of them are stiJI 
designated by the general term Central Himalayan gneiss or granite. 
The granites of Karakorum and paxticularl)' those of the Tratis-Hiinalaya 
Mountains are probably of Cretaceous or earlier age as they have contributed 
materials to the Eocene conglomerates of Mount Kailas. 

THE peninsula 

Kutch*—Two bands of Tertiary rocks occur in Kutch. The Eocene 
is overlain by Xari and Gaj strata comprising buff coloured limestones with 
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interbe(ld«l vaii^at«d shaJes :iin] marK TJitsc fn-ds arc over 1.000 feet 
thick and djp towarda the coast. Thu Lower Nari contains Nummuiites 
inUrmcdius and tlw* Upper Nan L^pidocytlma. Tlio Gaj strata aix- rich in 
fossils including Hrryma cannata. Osirea a>tgulata. 0. ginsmsit : Ter^bra 
MchhfHsts, /VfjirotwM boHneti, Drillia kachkeMsis. UUukwhuh t^iaiemsis 
O/n-rt austraits van indica, AikMa d^niatti, Lyria jttgtna, RttHft/a btih. Rimeda 

suhn^sit. i umUlh angidatu. They are otx-rlain hy the eqnlvah-iits -d the 
Siwalik St-stem. 


GuJarai.^The b«ls above the Eewenc of Broach, exp^iswl near Batan- 
pur cast of Broach, altair a thickness of 4,000 to 5.000 ft:, and consist of 
gravels, conglonieratcs, sandstones and shales. The conglomerates contain 
abimdant pehtites of jiispcr, camelian, agate etc, derived from the tmtgdales 
of the Deccan Traps. They are tjitarried from these IkxIs and cut and 
polLshe. IIS semi-predotis stones at RajpipU, and Cambav. The -.mdstondS 
and shales hav^ yielded shdLs of BM which are commim in the Gaj be.1s 
of Sind, and also Uhartna. AcHnocs'clina. Lepidoryclitta Nephrofi- 

/rdiin. ^™frc««s, Hacutogypsina. ^fiogyp,ina, vli^frc/riWra., ko^.chi„i, 
etc. ivhich aomistakaljly indicate that the beds comimse both Lower and 
^ PP^*" [ Lo^vur tG MiddJe Mioccti^J, 


RainaftirL—Oji the Katnagiri coast, south of Bomliiiy. N^ls of T.ai 
age are exposed, overlain by latmte. The Gaj beds arc bluish clats with 
sandy and gravely layeis, sometinies with lignitk material and ncMiitks of 
resin and pyrites. 


t^iiripada, the capital of the former 
State of Mavurbhanj in Orissa, there areexpo.swJ yellow and vetiowish brown 
limestoiKi^ full of shelU of Oslrfa (rtsernhling O. gajensh]. These limesrones 
pass upwards into thm-hedded greyish white or pale greenish davs Similar 
sections are sr-eu around Baripnda under a varying thickne«'af latvrite 
averaging 20 feet. A Imring at Hnripada traversed through J50 feet of 
these rocks without reaching the Ixrttom. Several fossiliferous beds were 
traveised, especially one laj'cr full of Rotalia at a depth of J 42 feet Thsc 
beds are regarded as of Miocene age (Gaj). Beds of about the same age 
occur near i^uttack and in thu Mteinapur district of HcngaL 

Ouilon Beds.^.\t t'adappakaru near (Juilon, Travancore State, well 
^tions reveal the existence of limestones, sands and cta>^ within a few 
ect from the surface. The Ihncslnnes are also expased in a cliff section 
the coast in the vicinity of Quibn. The limestones have vneldinl 
abundant Orbicuima mdtihaHca and several otlier fossils amongst Hhirli 


CdrnJA 

Xaib elli hrA n c 


. - Ltptci:^aikMs tl, 

. p Aha ikt€^di, Si$iulA 

GaMfr/IiiTH, Pt€lumjflus finditmiM. 
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CMtrdtnda .. Jortisi. COMVS C Afl,™. Ri„,iia j«Ar^ 

moia^ V^uiaJug^nA. 

The fauna setws tg be elgsely related to that of Ga j beds and to some extent 
to that of the Karikal beds. It js of BuMigalian age. i,^.. Middle Sliocene 

Ceylon. Itctls of about the same characters as those of Qtiilon occur 
along the norlh-westcm coast of Ceylou where they have been called 
Jaffna and Kudhemalai Series. Thej* are composed mainly of 
limestones and mottled sandy shales. The limestones are fairly rich in 
fossils, which include the fonmiinifer OrWcidm*, malaharica. Amongst the 
fossils are :— ^ 


Fdrimliiiir^ra 

EcliiucMlf^rEn^ 
Gas trci pods 

LuTO^Uibruiclk^ 


a. Ort^kmlina Mminimnca, OprFiahM^ sp.^ Afiiio^ 

ii^a€ (sovfirai species). 

. - CiypUMtfr dtpri^sus, Sf Aiiasitr *p. 

+ , frqfji4ilv4 Pkiismmili* tfwmK Naitcf 

tMum Cf- wider, otiea pupv^ C^nta 

AfrifuJti ef, suessiana^ Spcatdyimr rofMtdti 
Cerdium C^rdita tnietmrdiir, Ottrea vitUfi. 


The fauisa ^as described by E. J. WayJarKi and A. M. Thivics 
79. p. 577^2. 1923) and assignc^l an Upper Miocene a^c. But after a 

critical esamination, Eamtfs (Ccof. Mag. 87 p. 53-56. 1950) has come to 
the conclusion that the fatma of the QuUon and Jaflfna beds are not of 
Upper Miocctie but of Burdigaliau age and closely qllied to that of the 

Gaj beds. 
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CHAITEK Xrx 

MfDDLE MIOCENE TO LOWER PLEISTOCENE 


Noeth-westi-hs India : The Siwa^ik Svsten 

TntroductJon,'—The temiinalion of the Mumec period in the middk 
Miocene cx>incideil with the third, iuid perhaps the most violent, episode in 
mountain building on the northern borders of India, This must have been 
accompanied by a considcrabk- raising up and folding of the strata Jaid down 
in the Teth>s into mountain ranges and by large intrusions of igneous rocks 
into the cores of the folds. A lopg, narrow depression was formed In front 
of the rising mountains, i.e.. towards the side of the Penmsula, This depres¬ 
sion (called the/ore-deep] was the site of the deposition of the SiwaJik strata 
w'hich commenced in Middle Miocene. Most of the sediments were derived 
from the denudation of the newly risen mountains. Numerous short 
Streams must have flown from the mountains into the fore-deep in a direction 
transverse to the latter, and contributed To the water being kept fresh. 
The rise of high mosjntain chains to the north of India would have helped 
to establish the monsoon climate and a high precipitation of tain on the 
southern flanks of the mountains. The great aggregate thickness (16.000 to 
13.000 ft.) of the deposits and their general coarseness give evidence of 
continuous deposition in a shallow body of water whose depth kept pace 
with the accnmulaiion of seil intents. This sinking was probably aided by 
the gradual compression to which the crust was subjected, at least intermit¬ 
tently, during the period of sedimentation. 

Distribution.—The Siwalik S^atem takes its name from the Siwallk V 
hills of the Hard war region lietween the Ganges and Jumna rivers. It ^ 
extends continuously along the foot of the Himalaj'a from the BTahmnputia 
valley on the east to the Pot war plateau and the Hannu plains on the west. 

I ts equi^’alents intervene beriveen the Indus plains and the early Tertiaries 
of the Sind-BaluchistiUi hills. The re-entTant angle near Quetta exhibits a 
complete development of these rocks, the Zargliun mountain mass in this 
n^ioti forming a synclinal of these rocks. Similarly, in the Burmese arc, 
we see their equivalents on both sides of the Arakan Yomas, both in .\ssam 
and in Burma. 

The rock groups have received different names in the different areas. 
They form the Siwalik System along the outer Himalayas ; the Manchhar 
System in Sind ; the Mekian Series in the Mekfan region of Baluchistan ; 
the Dihing Series in .Assam and the lirawaddy System in Burma, 
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ConBtitutiOii._T]!ie SiwTilik System is made up of sandstones mts 
conglomerates, psemlo-conglomerates. clays and silts having the characters 
of fiuvuitde tleposits of torrential strains and floorts in shallow fresh-uaier 
l^ins. The ftwsils meludwi in them show that the earlier tmls were depo- 
sitetl in a »mexvliat brackish envimnmeiTt as comiiared with (he later ont^ 
Some of tlie latest deposits may N- continental. i,e.. left on dry land hv 
temp<,rary hean- Hoods. Thera is a considerable amount of fermginatwl 
matter, ispecially in some of the older horizons, which indicates that the 
^.meiits were derived partly from an old and well o.xidised terrain 
Coarser and finer s.^iment,s alternate. The sandstones show poor strati¬ 
fication and are generally tingradiri as to grain size. Thev are feldspatliic 
micaceous and ciirrent-bodded and some of thern hiii-e clearly brvn drived 
troni the breakdown of tlic central Himalayan granites. " 

The Siivaliks have been involved in the later phases of Himalavnii 
orogeny, for wv find them often folded, faulted, overthrttsi and Knng at 
steep angles apmst other formations. W here overthmst, there is often an 
mvcraion of the normal order of superposition. The mab ovcrthnist in 
which the Siwalifcs are involved used to be called the ‘ Main Boundary Taiilt' 
but recent work has shown that tliwe are at least three major thrusts in the 
Himalav^a lu addition to less important local ones. These thrusts may 

Z,TT "I T* of det«rition of the olderseri« involve’ 

but there has l^n so much movement that even within the Siwaliks the 

^ younger ones and King with very abnormal 

Conditions of deposition—The coarse and often ungraded saiul- 
stones show that lliey must have been home by rapidly Howing ,^iid lame 
masses of water and laid dow n in wide depressions of shallow water or in 
swampy areas, fhe alternation of ctiaree and fine si>ilimetits suggests 
seawnal depiisition. the axuse materials during floods of the wet season 
and the fine se diments during the drier season. The e.vtraordinarv similarity 
of the deposits ovw iong dLstances abng the strike would show that the 
source recks were similar and that the ba.sin of deposition was practically 
contintiotis. The large thickness of the coarse materiafe makes us inffr 
that the area of deposition was sinking in pace w<ith tlw sedimentation. M 
the same time there was a gradual southward shift of the basin with each 
fresh pulse of the uplift. It b almost certain that the Siwa iks e.vlend down 
for seveniJ mites underneath the ailuvnai cover of the Judins and Ganews 
sallcj's, ® 


The occuirenco of this important strip of fluviatile rocks all along the 
foot-hill regions of the Himalaya from Assam to Punjab and thence to 
Smd ha.s letl to the vnew, advocated by Sir E. H. Pascoe and Dr. C. E. I'ilgrint 
that the Siwahks were laid down in the Hood plains of a single Jaige rii-er 
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(the Indobrdhm or Siwalik River) which rose in Assam and followed the 
prfsmt line of distribution of these deposits. The present author and 
X. K. N. Aiyengar have discussed this i]ucstion {Rec. 75, Paper No. 6. 
I&40) and shown that the availabte evidence points to the hasin of deposi¬ 
tion being a dontinuotis lagoon or foredeep fonntti in front of the Himalayan 

TAtlgl*. 

Climatic condlliods,'—Tls<? Shv^jik depcisiti^ give evidence of a warm 
h\imU\ efinmte through the greater pjirt of the jicriod of ^diiiiaitation. 

I fw.* CfKitse vhich are often fresh, may ha've becmiviived front the 

imrth Atiil the finer fenugi]iou.s cla}^ from the ancient Peninsular arai to 
the south, the one contributing materia] during the wet flood season and 
the otlwT during the dry^ secisoru I^me chemical deca^ may have taken 
place under the swampy conditions in which the seiliments were laid down. 
The earlier Siualik period—that of the Lower Siwaliks and the lower part 
■of the .^fiddle Siwaliks—ap|iartntly a wet periocl, or alternatively the 
sediments were rieposited in shallow water, fn Hhok I'athan times ther^ 
is evidence that tfie humiflity was hss and that the sedimentation took 
place in i^rlly maishy and part])' dry land. The disturbance at the end of 
the .Vriiidle ^iiralik times raised the deposits into dry' land and shifter! the 
basin southwards. The L-pper Siwali^ again show the return of wetter 
conditions. Towards the etid of Tatrot timwi another uplift took place 
-imd the climate liccame distinrctly colder. The animaJs which lived in the 
marshes and valleys migratc^t away or died, as the siib«^|uent deposits 
were of semi-glacial character. 

Orf^nnlc remains^—Thc great hulk of the Siwalik format ions is 
unfrjrssillfcroiis hut certain itieas are rich in lossds. Tht^ include plants. 
moIJiisca, fishes, reptiles and mammals. Tile plant ren^mns consist of leaf 
impressions in clay's ami tree trunks in sanilstones. The tree trunks arc 
silicified but in most cases the liner woody structures arc not prescribed. 
The mauunaliaii temains are the most imfjortant fossils as they are of great 
help in dividing the formations into stages and as they indicate the stages 
^)f development through which the animats passed before they disappeared 
from the scene of life. The present day mammaJs in India are hut the poor 
remnants of the rich variety that lived formerly in the sivumps and forests 
’of the .SiwaJik basin. The relics consist of hard, bony jnarts, skulls, jaws 
and teeth. Their abundance testifies to the very favomtible conditions of 
climate and hydrology', abundance of focwl and suitable envimnment for 
entombment nf the remains. 

Die detailed study of the mammalian remains in nu^ny countries has 
ihrowTi much light on the origin, ei-olutiun and migratiun of the animals, 
Some groups like the pigs, hippopotamus and ancestral elephants are 
bcliei-eil to have eirigjnated In Africa and bter rated into .\£ia. The 
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Atnerica th™™h Alaska and a 
land bridge across the Behriiie straits It ia ,t. ‘ ► *- , ^ ^ 

™M,.«o» tali, ,I,«ir„am« f™„ localities in Ihe JT . 

Z ■'T 'i"’"'"''’ "“'■ “ “'“^ t 

sedinunls indicate that the basin T " characters of (he 

it hecaine incieasinglv fresh and also thirth ficst brackish and that 

to finviatile condition. ^ ^ vanation from iacuslrine 

TA„^70._S.,eAi„Si™ESs,ON (N. W. r»„,il. (AnE« G. E, 

Upiicr-Siwatik fJSnuWrr C9j^A/w«ritAr. Coane tomr*! 

i«.ooo.8.«io fL, J IrlSf 

clayA aiiii iamt con^lomenkt^, 

/fagri Slagt. Hard gray sandstnrus* 1 

and«bordinatekh«j4!^ "^}sarmatiin 

’ ^ *hnJ« fthdl,, 

J f •^P- tortOllian 

1 sradstomi, I 

[ SL"*^ Tortnnlan 

nno is named after Kamlial ■ 73»i/iS 

(pJndoTnyomLto) 

tj»,.e,..„ stHEc ..je, j;:i^trE^x»''onr 
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northern PoUnr. the Ka^ih^LnS 

epidote, while the Jluiree and CJiinji beds conrair’^ 
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l>&Piiclo-coiiglomcnit€S Cdntainirig ' pebbles * of clay and shale. The>' are 
a1>oiit 550 ft. thick and the shales arc deeper red in colour than the Chin]is. 
The chief maniTnalian Temains are :— 

(Cami\'ora) ^mphifyan Hymmimof: {l^tKKwiikJi) and 

pkodtHt; (Sq.idiw) Pa/s^oehoffiu and Lifirtiotton. The rarlicr Pt^boscidca like 
^hmum and HfMpwaiiT^aRr, as weU aa the RJiincccratLdji like 
B^!uthitheriaiH and and Glrathilac like had disappeared. 

Chlnji Stage.— -Taking its name from Chinji (32^41" : 72*23^. this 
stage show's aJtemaiiiig ash-grey sandstones and bright red shaJ-es, The 
sandstones are sribonJinate in the Potw'ar area, but dominant in the Jammu 
area. The thickness varies between 1,500 to h.OOO ft. This stage is appa¬ 
rently of longer duration than the Kamlial and contains a laq^e niiinber of 
\'erlebrate fossils and also w'ood. The mammals include 

(PrjiniitfHi) I>ryopiikect^i, SitrapitkfCUi, Bfam&pilketus: (CamimcHii} DriAirpfalU, 
Amphkytm^ Eomiifittora. Sivsiichh Lyiyarm^ Santa VUhKu/ffht ; 

(Frohti^idea) Trifi>pha^iiK, S^mdgmiiHus. Sym£omstopkutj, .d ; 

Siff*ohpko(i(m ; (Equidac) itippari^n I (Chalk«ilh«ridn«] ^fa^roihtnvm : (Ithinoctra- 

tid!i«) CfliJwtflt-^wiwrtK ; {^uidofi) Litirimlmt, Pw^tpcfaMUKkimtS, 

DicorvpfNxho^uj, SamUhmum : (AT^thrdCi^UieTidae) Hyoboops, MtmimrryX, 

; (Tnifiulldac) I>cp'^£aiiJi , D^j'catkfriirM ; (GirAlVidae) Giraff 0 ktryx. Propaia^^ 
mtrys, draff Sr 

of these, Maeroifienunt, flifiparioti anil Gaintlathfrium are supposed to 
have niigmted into India from America. Notnerous reptiles like crocodiles, 
turtles, pythons and lizards :ire found in these rocks as also shells of U»io. 
In tlic Hardivar area the Lower Siwaliks have been called jVo^aii beds and 
tliey correspond mainly to the Chinji Stage. 

Nagri Stage.— This is named after Nogri (32'^^46' : 73 "21') in the 
Attock district and consists of hard grey or huff coloured sandstones with a 
small proportion of shales and clays. It is poorly fossiliferous. ntany of 
the mammals of the previous stage having appanently disappeared. Several 
Primates—Priunn^fVArcus. Sirapilbrcus, and SugnivipitkeeHS are present. 
Among the Carnivores, Amfihicytm and SivaKasua persist and Crofu/o 
appears. No I’toboscidea have been found. Hippantm, Gaindafherium 
and AcerafAcriHJH continue. Several genera of the pig family are found 
as Pidaeochoerui, Comthyus. Lrsfrfoifort. io/kAocAfflfrrfi, Propidimo- 
tkoerus, Dicoryphoehoerus, fli ppcfiyus and Sus. Hemimeryx (.Anthracotheiid). 
Doreabune. DoretUhefittm (Tragutid) ami Gimffikeryx have also been found. 

Dbok Paiban Stage.— This is named after Dhok Pathan (33 “S' ; 
72*21') on the Soan river and includes hrown sandstones, drab shales, 
orange clays and some ticds of gravel tn some areas the sandstones are 
variegated and brow-n but there is a i-ariatkm when they are followed atou^ 
the strike. The sandstones gradually give place to shaks in an easterly 
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^**^^*^^**^^ the shiily f^idies extt^nds 'down^^riis into the Nn^i^ absov 

The Middle Shvaliks thin down also in a southerly direction. Tints the 
source of the sediments was from the north-west, Le„ from the present Indus 
hasin, the dniinat,>t' Iwing transveise to the basin of deposition. This, 
incidentally, is ctidence agsiinst the existence of an ]n<lo-Brahm river, 

k 

Tlie Dhoti Pathan Stage is the richest fosstliferotis stage of the Siwaliks 
and hasykldod a large number of fossiLs amongst which may be mentioned 

(Primstis) .tfurarui, Sivapithtcm ; (lCii4«iltu>> Ittinmys and fjyslti* ; (Cnti<lBe) 
AgnidAetinm, luJamoi ; (Mastotidae) Pr<mrttii>ora, EidivdtitA^m. Sii-aoayx ; 
rndac) Icmmurn. Lytyatna. Cfaeu:a ; (Felidae) AUut^ptis. .VWhtWWton, fiarama- 
choer^ut, Fthi: (Pmbogeidea) nimothmum. Trilopkeaon. rr/Fa(o/>»<Nlon, Synamalttphus, 
Stegalopkadeii. SfeggJtH ; (Eijitidae) /fippunnt) ; (RhinocemlidiiG) Rkino- 

tmi ; (SHidae) IJstrit>im, THtatoHodm, PfopotamMhveriu, Ditorypkathoenu, //voFiM. 
Mtppokjms. Stu : (Aathracoefanidae) Chttframnyx. M^rycopatamui. ; (Hipnopota- 
micbe) Hipp^amui ; (Tragwlidae) i3k»rtift«nr, Tx^cotkerium. TwagMtHB ; <C«>idae) 
annti; (tiiniflidae) HyJaipUkrrium, I'uAnur^miiai. liT.imatkrrmm, tfrH/rd: (Hovidoe) 
Pettmta, Trayocemt, tioufaphUi. PfotTpUikta. 

Ses'cral of the giraffe family and the short'jawed proltosculoan 5y«fOiio- 
hphm art* confined to this stage while the Hovidae first make their 
appearance here. 

This stage is considered to be of Pontiaij age by Pilgrim, Init Mathew 
lias shown that the fauna, estiecially horses and gitalTes. are inott- advanctsl 
than those of the Poiitiiin beds of Pikermi, Samos and China and therefore 
of Middle Pliocene age. with w'hich opinion Lewis agrees. 

hM thi: end of Dliok Pathan time an uplift occurred and the strata were 
foldwl and erwled, liefore the deposition of the Tatrot Beds. This enDsion 
interval is thought to cowr the Upjicr Pliocene period, which is therefore 
unrepresentexf by either sediments or fauna. This is attesterl by the local 
geological features for the rpjvr SiwaJila are foimd only aJong'the basins 
anrl stream channels and not on the Pot war peneplain. This uplift accentu¬ 
ated the Kala f hitta range and e.vtended it eastwards, acrordiriig to De Tcna. 
A stream utlerl Xandna (which join.s the Haro xvliich is a tributaiy of the 
Indus) which rises on the Khair-j-Muiat and cuts across the Kala tThitta 
hills is clearly antecedent. The western Potw'ar ivas diainiHJ by the IndiLs 
(lurinjT (l^e I^lioccne, 

Tairot Stuge ^—This stage ruTimc^f.! aJicr T*^tn>t (32^52^ : 73 
coiTi^stfi qf conglomerates, soft saqdstoncs and drah arnil hrqivn days, Tbe 
Tatrot Beds W'erv laid down in the bastris which resulted from the folding 
movements, the folds having a a.xis. Hiey often tie unconfor- 

mahly over the planed surface in which there are prominent upturned 
ridges of Xummulitic sttata. The t.ase is alwayii marked by a coarse 
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’Conglomerate and the beds show eviiiences qI quick dcjiH^siti^jn by riveis 
and dcltadike structure. The sedimeuls are coarser than lH?brc and contain 
pebbles deri%'Oti from Mesozoic as as the older Siwalik beds and even 
bones from Dhok Pathan beds are known to have been reimtfetldcd in these 
sediments. The Tatrot period was marked by hea\y minJall as the beds 
-do not show rcti colour and encl ose re mains of eleph^ants. liip|K>potamiis, 

bovids etc. indicatmg good moist conditions. The elephants are repre¬ 
sented by Sf^godon and Ptniaittphodonr A true onc-toerl horse. Eguu^ 
firfl/cjfSfsr and the pigs Sus and Hippohyus are also found in these beds, 

PInJor StaiJe-—Named after l^injor near Kalka in the Simla foothilhi, 
this stage showis coarse se^Uments composed of j>cbbte ticds and sandstone’s. 
They follow the Tatnit Heds without any deftnite break and therefore 
belong to one cycle of setlimentation, V^aricgatccl sands and pink silts are 
dominant in this stage, the pink colour of these indicating somewhat drier 
HDonclittons and also the deposition of much colian material. The thickness 
varies from 500 to 1.500 ft. The beds contain a rich fauna ijarticularly in 
the clays underlying the Boulder-conglomcrate and these cart hr reganJi^d 
^ Uie immediate ancestors of the prcsent-tlay n^arjimals :— 

(Primates) SfiattnpilkKttf. SitnW ; (RixlentUii MtioktA, Hy^trix : 

^Camivtra) Cami, A/rWiwt*. Lttira, Firrrffl, 

Cr!?ca/4l, Mfffiiniemff. Paaikera, Prlii ; iProboKiclri) Ptitial^hodim, 

SirgijdmK filfg^ti^phodotK AnhidiikiidffK, HypieUpkmM : (EquULie) ; iRIisnCh 

ceratiaze) WAilWtifrflJ, Coelodottia ; [Sutdat?) P^nmockofrui, 

phoCki34rUt, Sui ; (AntkraCOtheriiJae) Mcrie&pimmut. 

CaHir^JT and Cfirnifi ; iCiraflidaff) rt^uhl, Ctmffa : (B&vidai!) 

ncvrnil incltj 4 iilR €oirmi, Capf 4 , Lepii^fr Bos and 

BouLder-CooftEomerntes (Lei Congloiiiersiteb—At the end of the 
Pinjor period there was mountain building activity as indicated by the 
verv coarst' sediments which constitute this stage^ They oveflk* the older 
beds disconforrriably mainly as fans. The newiy risen [“ir Panial supplied 
much id the sediments and the boulder?! and pebbles are sometimes facetttd. 
indicating deposatiun from glaciers. The sediments consist of poorly giadc^l 
materials and include pebbles of i;<Mjene Jimestones. with small proportion 
of igrnjous and sedimentarv' rocks and quart zaites+ The t. onglomerate 
beds are lenticular and contain a few silt horizons which may indicate 
eolian material aeposited during dry periods. The term B<nikler-ConglcK 
merate ha^s been loosely used for all the conglomerates ranging in age from 
Nflgtii upwards, and having a total thickness of o^'er 7.000 ft. Hut the stage 
above the unconformity is only 350 ft. thick, and Is known as the Lei 
Conglomerate in the E\dwar region. This horizon, of Middlr Pletstocene 
age^ W'as deposited during the Sf?cond Glaciation in the Pleistocene^ 

The HimalA\’un glaciers seem to have desceoded almost down to the 
plains makirig the whole region urtsuitahle for the e.vbtetice of highly devc- 
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loped nmmitialLiii life. Much of the Siiv^ik fauna suffered b-g^iiy but 
some species were able to migrate to warmer regions. The giraffes which 
were abundant m the Upper SiwaJiksare now found only in Africa. Though 
many siXTies of the elephant family liv-ed during the Siwalik times aJ] that 
IS left of them at the present-day in the Indian elephant and the African 
elephant. The Rotildcr-Ctinglomerates contain also relics of pre-historic 
man whose' appearance coincides with the rapid disappearance of manimak. 

At the end of the period of the Rmdder-Conglomcrate there was a fresh 
diastropism. Kala Chitta and Khair-U.Murat bills were nnliftcd along 
])reviou,‘! faults. The basin suffered compression and the Upper Siwalilcs 
wete gently folded. The Jlielum changed its course to its present one 
below Oa-en by aitting through conglomerate fans. The Indus whose 
old course ami through the Haro channel also shifted its course to the 
ui-pripssioii abovp Artock. 


Correlation—Mnce the Siwaliks arc fresh water fand pjirtiv land) 
deposits, the determination of the age of the stages Is a matter of some 
imce^nty. It 15 definitely established that the Middle Siwaliks ar^; closele 
^bed to the Thkermi beds of Crwce where they are associated with marine 
rontinn str.ita, ^ 


In Table 71 is given the correlation adopted by G. E. I^ilgrim of the 
Geological Snni-ey ol India compared with that of E. U. Colbert and G F 
It will be noticed that the ages assigned to the divisions bv ihe 
Amencan authorities arc j-ounger than those adopted by inigrim. iTiis is 
I»rhaps attnbutal.lc partly to the hypothesLs that the Hipparion (primitive 
horse) migrated to India from N. America. 


SiXfJ : MAXCHHAR SERIES 


'flic highest formation of the Tt-rtiarv 
Manchhar Series, after the Slanchhar Lake, 
to a lajgc e.\tem. 


group in Sind are called the 
They resemble the Siwaliks 


Lower .\fanchhar— The iManchharSeries attains* thicknes of I0 000 
fret and comprises two divisions. The Lower Manchhajs are composed 
of grey sandstones JLSsociated with red sandstones and coagiomcrates. The 
congionierates contain pebbles of sandstone and nodules of clay. The 
lowest honain bas yielded ivrtebratc fossils which indicate a Helvetian 


tpp*r Manchhar,— The upper divtsion is well exposed near Larkhana 
and consists of conglomerates, sandstones and orange and bream claw ft 
contains pebbles of Gaj and Nummnlitic limestoiuis ^ ' 
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Table 7L“Cohrelation of the Swauk Stsata 


PivkjFlcKnfl 

1934-1940 

Ccilbett 

1935 

« 

1 Lewis i Luraptt 

1937 i 

North 

Amerka 

u 

i 

id 

*4 

£L 

Upiwr 


^ 1 


Crom^dan 


Middle 


Turi 

! 

Lownr 

EkjEildcr Cgl. 

Break 

VjlkrrmllMn 
(EX Calabriaii} 

nock Creek 
' ShcrklBJi 

1 

Boulder 

Cgl- 

Pinjor 1 

1 

1 

t Pinjor 

! Tatrot 

1 

1 

m 

an 

Cu 

V 

. i 

1 

Upper 

' ~ ! 

Pinjnr 

! ! 

TatroL 1 

1 Brtsik 

Aetian 

^;all iviro 

Dhok P^thfLn 

Middle 

! 

Tatrot 

Nagri 

Dhok Pathaii' 

1 


Blaitca 

1 

Ldwet 

_ 

1 

Dhok 1 

Pathan 

1 

1 

Cliinji 

1 

Kaifri 

Pi^ntian | 

1 

1 

1 Hnpiiblicaii 
; Rivor 

1 Valentine 

^ ' 

Upprr 

Xagri 

1 KamliAl 

ChInji 

SArmatum 

Tortonian 

Bantow 

Middle 

Chinji 

Kanilial 


KandtiU 

1 Hclv'etian 
! Bardi^Iian 


Lower 




AqaiiAnian 



The ^fa^chha^i of the Kirthar ran^ appear to follow conformably on 
the older (Gaj) roclw whereas those to the east of the Laki range lie uncon- 
formably on Kirtbar beds. They are rnainly Iluviatile. hut as we follow 
them southwards they become gradually estuarine and marine. Vreden- 
burg divides the Msmchhars into three portions whkh are respectively 
Vindobonian, Pontian anti Pliocene in age. 
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CEOLUCV OF INDIA A^D EUJiKA 

Mekran, Baluchistas 


[CHAP. 


Mekran S«rl«s.—I'he Vpjier Tertiary rocks cleidopcd in the Mekran 
r^ion are called the Mcknin Scries and comprise thick pale grev clays with 
thin intercalations ol shelly limestone :ind sandstone. ^'red'cnburB has 
divided them mto a lower Taloh staci-; of Middle Siwalik age atid an 
npivr CWAOAH STAGE of Viipcr Siwalik age. The Mekran Series contains a 
fatrly nch manne fauna which beare a great resemblance to that of Odene 
stage (= Talar) and Sonde stage (= Gwadar) of Java. It is inierrwl that 
the Indian seas were completely cut off from tlie European seas during 
Mekran times as there is not much ncscmbliince to the liuropoan marine 
fauna, Msuiy of the Mekran spccira are found in the Karikal Beds. The 
molluscan fauna of the Mekran Scries indudes the following ; 

f>rt!Sa tHtkrame#, LilhMontts djuriaittntii, Ctavaiiiikfi 
ivtberki, Aftl/>ngnia jSthMtnij#, l^urfiura anfiiiala, Cwidia 
mrkranua, Dotium Tttibraiia JV^/rta 

gtobosa, Ftmff^4 ^apfi»0. 


l-umdfiLr;! nch» 


Cwiu/a mtkraniiu. Doiima pEiudoatgta, CflMiWjti tt^iciler, 

nemtomu psi^udedi^ 

gUoltna, O. mfUii, O. /tv»dosa, O. CrfHUii/frs^, P^ctfx 
rasitfi. 


^Lvl>HAS 

^arikal Beds.—Richly fos.siltferioiis Upfa.T TertUrt' beds have been 
found at a depth of 350 feet at Karikal on the Tanjore coast. The rich 

AMIII. p. 14 , J900; LI, p. 105, 190.1 ; LVHI. p. M. I9I0) consists 
enttficly of gastropods includir^ the following t 

The assemhlage is distinctly Pliocene {post-POntian) and somewhat 

l>!lTh "i.‘'’V““"^ According tl 

Ir^enborg the Karikal Betls arc the etjuivaients of the Mekran LiL 

Md es^ially its upper (Gwjidar) stage. Jt would appear therefore that 
.here IS .woWy a complex Upper Tertiary 

Cauveiyalluvnim in the Tanjore district. the 
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ASSAM 

Tipani S^rics.—'riif Siwalik Sjistcm is TcpresLnt&i m Assiim by the 
Tipni and Dihiiig The Tipams extend fmai thc^ Arakan coast to 

Siinna \'allcy and l-pper Assam. In Upper Assam they are HjvisLhle into 
three series, the upper beiii^ beparated from the middle hy an unconformity^- 

\'aM!;aSO Beur. SancUloqi^ grits and congtomeTatiM, fontain-"] 
ing lignite ^irhbleft (2.500 ft.} 

- - -- — ■ uncQiQfQriiiity --- Vj ndQb 4 Bia. 1 i 

G|]f |]jAN CtAVf^. MattiHJ c Util'S^ and sandy clays and sulhdrdinatL' I 
foasil wood and lignite (3.000 to fi.OQO ft.). J 

Tipah SAN'iie&ToMt^iH Thick Come urittv ffiiTisgjn!>uii 3 *tnd«l 

Sti>Fii?i, giwriiish cBloiir«J and Weathering Imiwn ; siim^ } BLmliga^liiin 
CQngloillctilLte;:^ and ^halc parting^^ ; Occgjdynat fwtl wood f 
and lignite | J.OOO ty &.OOO tt) J 

llir Xiimsan]^ Stage was formerly kmwTi as f^um Rong Khti Stage 
but liS the tyjH'* .section in Xfana Bum area (27 36*^ 1 96 ” 10 ^) 1 . some 35 miles. 
E.XTZ. of Diglwii, was found to include soft samistones now inchulcd in the 
EHhings, it has been decidetl to name it after the Kamsang river, a triEutary' 
of the Burhi Dihing fioiith of Digboi, The pebbles in the conglomcnites in 
this Sent^s arc partly of Barail Sandstones and coal. 

In the Sumu-t \"ailey% tJu- Tipam Sandstotio^Gimjan Clay succession is- 
overlain by the Of pi Tila Sewies, scjimirated by an unconformity. The 
Dupi Tilas are mmposdtl of sandstones and clan's alwnt 10.Q00 ft* thick. 
The low er beds an* coarse femiginoiLs^ sandstones with sahordinate mottled 
clays (2.000 fl.) while the upjwr beds arc variegated san^ 1 stone 5 , mottled 
sandstones and clays (9,000 ftj. The best sections are to 1 h^ found along the 
son them mai^in of faint ia hills. They are unfossil ifcniu^i arid are consi- 
dcrKl to Im^ the ct]uiv:ilent5 of Nainsang Beds and of Mio- Pliocene age, 

DIhItig Series*—These consist of a great thickness of |^bblc-beds with 
subordinate sandstone and clay bands. They overbe the Tipam Series and 
are narnc^l alter the type section on the Diking river near Jaipur (27 16' : 
95'^24''). The rocks are for the nnist ]mirt ^wwriy consohdatetl aiid the 
pebbles have Ixw tlerived from the Harails except in the extreme north-east 
of .Assam w^hcre the pebbles are of gneiss^H Thty are exposed in Upper 
.Assam, Naga hills and Sylhet. They contain only some carbonised wood 
and Ixidly preserv'ocl leaf im|iressions and art; considered to he of Pliocene 
to eariy Pleistocene age, ecjuiv'alent to the Upper Siwabks. Ab they have 
been invoK'cil in the folding and thrusting which lia\^ affected the .Assam 
Tcrtiancs, they are probably mainly of Pliocene age. 
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OEOLOGY or rSDIA AND BlTHitA 

Bi'kHiA : The Irrawaddy System 

OvCTtying tht Pegu Series, gcutrally with an tincoufoimiity, 13 a series 
Jluviatilc sandstones of large thickness originally caJlMl the FossU-^.pood 
Croup by Theobold. because of its abundant content of (ossil-'ivood. This 
rame has now 1 «en replaced by the term Tirawaddy Sy-stem, since the sedi- 
ID tills lie ID the valley the Irmwaddy river. 

Distribution.— The rrrau'addy System is extensively distributed along 
the cenlJ^i nonh-to^trth tract of Biinna. It is found in the uorlh in 
Katha, 1'pperChinfi‘wiD, and 3(lyitkyiDa, and exttnfis asfar^ulh as Rangoon, 
ftirts of the area are cos-ered hy ileistocene and TOUUger alluvia but it is 
likely that the Irrauaddy rocks extend under all the ailui-ium of the della. 

Lithology.— The lower beds often contain ferTuginoiis conglomerates 
indicative Ilf a periiHl of subaerial wciitliering. The main formations are 
sandstoiHS, often current-bedded, with lobbies, boulders and numerous 
femiginous concretions. The concretions consist of haeniatitc and limonitc 
with some manganese oxide. Calcareous sandstones and calcareous and 
siUceuus concretions are also met with. 1 ‘ossil wood occurs profusely' iu 
certain areas, often well silicihcd. The rocks weather into fantastic shapes 
with the formation of intricate gullies and ' bad lands/ The total thickness 
of the s>'stem is of the order of 10.000 feet. 

Fossils.— ^Thc Irrawaddians contain a fairly rich varictj' of vertebrate 
fossils, mainly mammaiian, but including also crocodiles,' tortoises, etc. 
Both monocptyletlonous and dicotykdonDus fossU woods are found, the 
latter including DipTeracarpoxyloM hurmense. The chief vertebrate f^ils 
are 


Lower firawad^ly :— 

(&lnid«) fUpparioi, ; (Khioocimilidad Actrothrrium iyd,k/uri 

^aid.r) Tttraa>»^om rntnor; nyfoifiitktrium birmouUu,* yHhuU- 

irdiinftraitt : (BovkLw) Frotfptobci binHanif^i 


Upper Irrawacldy Beds,— 


{Pto1m:ldra] Stfg^^hfikoiuUrw Sttgodifn SUgodtfa insijtnii 

KypulrpMo, byrndruus ; Hlepk^is piomi/ront. (Rhin«c™ti4M) ftAjWwr 
Jiri»(r»ii . (.4nihi3i:ath<ndAe) Mnyeopoittmas diuimilii ; fHippopotjimiHn.) 
pr«l^ tnna/itut. W. cf. sh^eMiii ; (BOt-iifae) ll„bali,s 


The Irrawaddy System is the equivalent mainly of the Middle and 
Upper Siw^liks. The lower fosJUferous beds arc correlated with the Dhok 
Pathan .stage (Ponban) and the upper fossiliferous beds, which arc separated 
from the lower by 4.000 feet of strata, are of Pinjor age. 

Kathiawar.— There are highly fossiliferous Gaj beds near the westem 
^stiemity of Kathiawar (Saurashtm). They are or-erlain by soft gypsi- 
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fcrcius days and sandy foraminiferaJ Jimcstoncs comprising the Dwarea 
Beds, They hjivf not b«n studied in detail but art thought to be the 
wjuifiilcnts of the Hinglaj beds of Baluchistan or even slightly younger. 
ix.. Middle to I'pper 

In the island of Piram to the east of Kathiim ar. in tile Gulf of Cambay, 
there are Middle Siwalik rocks which have yielded some mammalian fossils! 

Mi'urkallt (Varkala) Beds,— i‘urrent-l>eddett .vimlstones and varie¬ 
gated cl aj-s ivith rather thin beds of lignite are found iti the coastal region 
of Quilun and \ arkala. The lignite seams found near \^arkala are thought 
to be extensive and haw been estimated to have rt^Tves of the order of 
270 miltiun tons. Two thin seams of lignite has^e also l»epn found at the 
bottom of the s^a-cliff in similar deposits near Caunanore in MaJakir and 
near Kasargod it) S, Kanara, The strata also contain some liall clays 
and tenacotta cla>-5. Tlie>' are capped by a layer of laterite. The mete^ 
rotogkal and drainage eoiirlitions during the Upper Tertiary' seem to have 
been favourable for the kaolinisatJoi) of the underIving fddspathic gneisses, 
for in Trai-ancure, Malabiir ami iiouth Kaiiara. kaolin deposits arc found 
below the latcrite and the Upper Tertiary strata. The kaolinised xonc is 
25 to 30 ft. thick and passes gradually down into iinalteretl gneisses. These 
kaolin deposiLs are cxploitetl at Knndaia near Qiiilon and also in a few 
places in Malabar and South Kanara. The Warkalli Beds are younger than 
thcQuilon Ifefis and may be of Mif)cenc or ('liocene age. They are similar 
in characters and stratigraphic position to the Cuddalore Sand^toms of the 
Madras coast. 

Cuddalorc and Rajumaheitdrl Sandstones.— wide stretch of 
sanristones, genendly somewhat lateritiscd and femiginoiK. extends tnter- 
mittcntlyfrem near Kameshwanun through Pudnkottah, Tanjore. Cudcblore, 
Poudicherry, ^t.ad^.'Ls. N^ellorc etc. to Rajamahendri tKajalimiindry]. They 
are overlain in the coastal tract anil in the variotLs river valleys by delta^ 
alluvium and coastal sands but may he expected to continue doum to the 
coast. They consist of soft red. yellow and mottled ferruginous sandstones, 
sandy clays, sands, clays and pebble beds. They have a gentle easterly or 
E.S.E. dip. The beds have the characters of shallow t^stuarinc deposits 
showing marked ctirrent-bedding and lenticubritv. They generally lie 
nnconform^ibh' over the Cretaceous rocks. Upper tk>ndwana,s or gneis-sw. 

It qs thought that in the Pudukottah. Tanjore and Ciiddalare-tVmdicJn rry 
areas they overlie a fairly complete I.fj«er Tertiarj' succession, though 
there is a stratigraphical gap of varying magnitude beneath them, as they' 
undonbtcdly represent a marine transgression in the Mio-Pieiocene. Iti 
some places they show liimp!; and veins of chert. Near the siirfuce they 
are lareritic in character, .\rtcsian aquifers occur in several places as near 
Karaikudi, Ne>^'eli, Cuddalore. Pondicherry and also in some places in 
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West GodaiTiti dislrkt. They contain algal, foraniiniferal and molluscan 
remains Fusus. Ttrdtrii. Olha, Cauii-^p etc,)* They are 

gti>cf^illy considered to be of Up|wr Miocene or Pliocene age though the 
question has to be decided by detatlofl work. At Tinivakkarai near Pondi- 
chciT\% llicy show numerous large siiicirit^i tninks of angtospenuous trees 
(JVifcr Sirhmidi^nti) some of uhkh art 60 to 70 feet long and ^ to 5 feet in 
diameter. 

The Cnddalore Sandstones tn South Arcot and PondichcTiy contain 
thick lignite beds which sl^ould he workablL\ At and around Nev-^'cli, 
al)Out 20 miles west of Cnddalure, a seam has been proved which extends 
over an area about 100 sq. ritiles and has thickness varying up to 80 or ^5 
feet. The n?serves of lignite in this field arc estimated at about 2,000 million 
tons. Two seams of lignite have been rejcortled at Ikihiir and some other 
places in the Pondichern' area, with a thickness varying up to 30 fetrt. 
It is likely that if esterisive drilling is undertaken, other lignite deposits 
may come to light in these strata at other places. They^ or the fjower 
Tertiary' rocks unde riving them, may also contain pciroleunir 

Durgapur Beds.—Along their eastern border, the l>eds of the Kaniganj 
Series of the Raniganj coalfield are covijrecl by lateritised sandstones, 
yellow and sometimes feldspathic grits and bluish grey and mottled day's* 
Similar grits and laU-rit^d sandstones continue eastward for several mil€?s 
until they are covered by recent alluvium. It is not known to w^hat extent 
the ferruginous sandstones repri’Seut a continuation of the Raniganf Series 
for there is undoubtedly a blind of Upper Tertiary' strata here which can be 
Likened to the CuddaJore Sfttidslones. Near Suri in Birbhum, these sand¬ 
stones have yielded angiospermous fossil wood which clearly indicates 
Tertiary age. Similar beds are found to ex lend to the east and south-east 
of the area of Rajmahai Traps, It is likely that the greater |Keirt of this belt 
is of Tertiary' age though a part of its w-estem margin adjoirting the lianigant 
coalfield may contain Raniganj or l^anchet strata. 

Confer vara m Gravels .—\ large arisa north of Conjee varam (Kanchi- 
puram) and east of the exjwsures of the Upper Gondwanas, is occupied by' 
gravels* shingles and grits called Ganjcev’aram Gravels. They probably 
represent fluviatUc deposits. Their age may be anjdhiitgbetween the Upper 
Miocene and Plcfistocciie. 

ECONOMIC MlNERAlii 

The Warkalli Beds and the Cuddalore Sandstones contain some useful 
deposits of l^ite intercalated with the sandstones and days* Two seams 
have been met with in the Warkalli beds with thkkness up to 20 or 25 feet. 
They haV'e been estimated to contain rasm'es of alwjut 270 million tons, 
aroond Varkala in Travancoien 
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A gOftd seam of %nite. vaf^-ing in thkknesa up to %0 feet, has recently 
been found at and aroiiiid Key veli, ^jnc 20 miles west of Cucidaiore. The 
jFeam occupies an area of about JOO square miles and has been estimated to 
con tail] teser^ es of about 2.000 million tons. Two or three scams have been 
recorded in borejudfs in the Pondicherrj' territory, north of Cuddaioie. 
The e>£tent of tJiesc reifuires investigation. Other areas occupied by these 
and similar Mio-Pliocene formations ma^' also contain Lignite, 

The Same strata, iHith in the wxtsl coast and in some eaist coast districts 
of Madras, contain *K:hres and clays of various descriptions^ — fire-clay, 
ball-clay and tcrnt<otta cb^y. In several places near the western coast, 
the feldspathic gneisses l>elow the Tertiary beds have been kaollnised to a 
depth of 30 to 40 feet and ^ietd eKcelleut kaolin on washing. Some deposits 
arc being worked for the ceramic iiu;Iustry near Qudon and for the textile 
industry in Malabar and South Kanara, These deposits UK'ait detailed 
investig'ation and it may be expected that they are nmre extensive than Is 
Suggested by the few outcrops which are exposed now, 
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THE PLEISTOCENE AND RECENT 

Genera].—TIse (^aternary era was beraJded by a gencraJ lowering of 
temperature in the porthem bembpherep connected with the formatiDn of 
great ice-sheets of contmental dimersions over the North Pole and large 
parts of the neighbouring areas^ Jilany areas now^ in the temperate stone 
were covered by ice-sheets—North America down to the northern 
parts of the United States and the northern parts uf Europe. The Alpine- 
i-timabyan mouiiLain regions were also coveml by extcitsivc and thick ke 
which descended do^ n to very low altitudes cornparLHl to the ptcfictit 
day. TliC glaciers tn the llimalaya& are know^n to have dt'seended ;is loiv 
down as 5,000 ft. aJtitudc, as evidenced by the presence ol monilnos and 
other features. 

The history qI glacjation in Kashmir has been atndiocl by Oe Terra and 
Paterson (as descril>ed hrieflt^ on a later page} who have made out five 
periods of ice advance and four inter-glacial periods. Man had already 
appeared in tJie Pot war area, Kashmir vaJley and Narmada VsUlcy by the 
Second Inter-glacia] period, and perhaps c^^en somewhat earlier. 

The prolific mammalian fauna of the Upper Tertiaiy' suffered grievously 
with the on^ming of the tee Age^ for these highly specialised organisms 
were not fittwi to withstand the extrente cold, Matty genera and species 
died off while some managed to escape to warmer tropical regions and 
to exist there. 

As evidences of the mild tem^xiratio climate of the Peninsula of fndia 
during the Pleistocene. \V. T. Pianford citos the presence, in the plains, of 
certain plants and animals w hich arc now^ confined entirely to the Himalayas 
or the higher mountains in the lower latitudes^ Some species of rhododen¬ 
dron and otJier plants are noW' found isolated in the higher hills of the Penin¬ 
sula though they .should ha%^e lieen formerly present over large areas of 
lower elevations, having migrated to the Peninsuhl from the Himalayan 
region during the leer .Age* 

Divisions.—The tie^nning of the Pliocene is taken as coiudding with 
commencement of the Ponlian. as a fairly important ctiaiige in fauna occurs 
at about that time. Hififfarion is the mo^t easily rfcognised guide fossil of 
the Pontian and it does not occur before this age. The Pontion was also a 
period of Maxine regression marking the end of a period of sedimentation. 
The Pontian is folbwed by the Pfms^ndan and Asiian (both of which an* 
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Pliocene) which ajc respectively off-shore and coastal deposits. But these 
do not indicate any marlJCtJ difference in fauna. These are followed hy the 
Calafirian which is mostly inaiine. The fresh-water and lacustrine equiva¬ 
lent of the Calabrian is called the Villafranchim, The Calabrian is followed 
by the Sicilian which is also marine and occurs in the form of well marked 
terraciis in Southern Europe* 

rhe 1’ln.isajician and contain a targe proportion of the 

fam^a still living, which lived in somewhat warmer conditions than at 
present. During the f.alabrian the percentage of living marine forms 
increased and it is noticed that the fatina included certain species w-hich 
had migrated from colder regions (eg*, Cypriun isiandka] indicating the 
beginning of a colder climate* The SiciLian can scarcely be differentiated 
in faunal content from I lie Calabrian, but contains a few' more cold-w^ater 
forms. J t is therefore clear that the first indication of glaciation in Western 
and Southern Europe apijeai^ at the Ijeginning of the Calabrian. The 
Villafranchian and \ ol d\'\mq dep^its also contain plant remains belonging 
to a climate colder than that of toilay. Tliere arc ai^ evidence of an 
uplift of the Appeniiines just befoi^ the heginning of the Calahrian. 

Many geologists thea-fore agree that the beginning of the PleLstocenc 
should coincide with the heginning of the Calabrian-V^illafranchian as this 
is usheretl in by an orogenic uplift, a distinct cooling clown of the climate 
and a cliange in the fauna. 


Table 72—Pleistocene CoJUtELATioN 
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The \’ilbfrajichian deposits are characterised by the appearance of 
and Eltphas, some of the important spedes being Ekphm phmfrfffs^j 
£, MeTjdwrtaSts^ E. anii^Mus, Musiadm E^mts robusiu^^, E. tabulhis^ 

Rkinoccrifs eiritseua. Su^ arvernffisis, L€piobf?s tiafus. Bison priscMs^ etc. 
In the Upper Vai d'Amo they consist of a thickness of 500 feet of fEiivlatde 
and lacustrine sediments which indicate dc|)0&ilfdn over a fairly long period 
of time. 

A rough correlation of the different glacial advances and inter-glacial 
deposits together with their stratigraphic ctjuivalents in rndia atid the 
prc-hbtoric human cultures is given in Table No. 72. l"he heights of the 
marine terraces of the different inter-glacial p^.rrio^:ls in Southern Europe 
are shown below : 


Lalfi ^kina^lian 


MfiFfS 

7.i 

Main MDnaStiiiiLa 


IS 

Tyrtbcniatii 


32 

Milai-rian 


5$ 

Sicilian 

k r-k 

103 

Calabrioi] 
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The Calahrian forms a fairly broad and welbniarked terrace about 
200 metres above the present sea-level. The period immediately foll«wing 
this may repiesjtnt the Giin?rOr first glaciation, after which the Sicilian viias 
laid down in the First Inter-glacml period. Then followed thii- Mindel (or 
second) glaciatfon and the MUa^cian deposits which represent the Second 
Inter-gkdal. Jmimrtant changes occtirrcfl in the Maniinalian fa ana during 
the Mindel glaciation. This w^as succeeded by the Kiss (or third} glaciation 
and the Tyrrhenian deposits representing the Third Inter-glaciah The 
foiiTih glaciation, whkh is of Upper Pleistocene age, is calletl the Wurm 
and this is succeeded by the Monastirian deposits which enclose .Mesolithic 
and Neolithic irnpletnent&. 

'J'he East Anglian era^ (Red crags etc.} of England contain a fauna 
sinnlair to that in the Val d^Amo, They arc considered to lie the equivalents 
of the Sicilian. Tlie Cromer Forest beds ar<' consideted to represent the 
First Intcr-gkdal 

Tlieru hjis betm sume difference of opinion as to where die beginning of 
the Pleistocene should be shown in the Siwalifc succession. The Ij’picol 
elephant genus ArfktHskodoH first appears in the Tatrot beds. But the 
Talrots also contain some nine genera which continue on from Dhofc Pathan 
and six genera which are new. They are fherefon? transitional from PIich 
cene to Pleistccine, The Finjor Beds arc the true equi^'alents of the Villa- 
franchian {now^ agreed to be include^l in Pleistocene), E^m an<i L^ptohos 
ajrpcar in thi m and not in Tatrot Beds, 
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Claciiltion in Kushmlr 

in the Sind and Lidar valle>^ in Ka^hmlrp Dc Tem and Patemn 
have distinguLshc^i four or five periods oi gladatiori with three inter-gJadal 
periods. Each glaciation consisted of a series of pulses—two advances 
of ice are noted in the Second Gladation and four advances in the Third 
Glaciation. These pulsations are attiihutable to climafic changes. The 
largest ad\ance was during the Second Glactatlon when man had already 
appieared on the scene* for implements of the nature of primitive flakes are 
found in the depc^its of this period. The Third Gbchtion is correlated 
with the last plinses of the AcheiJian stage of dviliscatian. The inter¬ 
glacial periods wertE generally longer than the glacial (Periods, allowing a 
certain amount of w^eathering and erosion of the dep^jsits. The First and 
Third glaciaJ perimls are known to have lieen marked by the uplift of the 
J’ir l^anjah the latter feeing the more impre^ive one. 


Table 73. — CHkoNOLOGV df Pleistocene Glaciatio!^ 
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According to Dc Tcrrci and Paterson^ the Lower Pleistocene in Kashniir 
embmeos the Firsi Glacial and Inter-gladal periods. These are consitkred 
to be the equivalents in age of the Tatrot and Pinjor Stages of the Stvvaiiks 
and of ilie Villafranchian, The Middle Pleistocene includerl the Second 
Glacial and the Second Inter-glacial periods of erosion. They contain 
Cromcrian (pfe^Soan) tjqje of flakes in the Punjab footliLIk. Thiu period 
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A»as marked by heavy- scflimeiitadon iti the Kashmir Vidtey, ronsisting of 
fwuldcr fans and thick fltivo-glaciaJ <Icp«»it5. The irpper Karei»a.s are 
tliought to repr<«cnit tlie Second Interglacial deprsiis. Of the same age are 
tire Lower Narmada beds containing simitar Rakes and the remains of a 
stmight-tuskerl elephant. The Upj».T IHdstocenc includes the ThinI and 
I-oiirth Glaciations and tiif inten’ening Third Interglacial. The end of the 
I olirth fjbcmtion marks tlse final phas^- of the terrace deposits of Kashmir. 

There was an uplift of the t’ir Panjal towards the end of the First 
Glaciation. 'Oie tilted gri'i'ets fans undcrl>’ing ilie Lower Karewas are of 
this age. This was the period of maAimtun immtlation of the Kashmir 
valley. The land snp[K)rtcd great pine and oak forests and more tlian 
100 species of mammals have been found in the Ihtijor deposits of the foothill 
t^on. A sharp uplift took place just before or during the Second 
Glaciation, which wa.s responsible for the elevation and tilting up of the 
lake deposits. Tlie FSoiilder-Conglomeratcs are of this age, according to 


During the Second Inteiglacial, deposition continued, helficd by 
periodical uplifts, f n the adjoining Jammu and Potwar areas Fulaeolithic 
man was living. During the Third Glaciation, the ice adv-ance |<ss 
than liefore. The third Interglacial w'as fairly long and erosion was active. 
The third terrace is of this age. By or before the Fourth fnteiglacial Pir 
Panjal had risen to its present height. 

Two layers of post Karewa age have been found in Jhunpur and other 
places in Kashmir. The earlier one is a swamp deposit and the latter one 
alluvial and colian. The latter has yielded charcoal and cUy figurines 
the former some flakes of l^raUois type (.Middle Palaeolithic). It has not 
been possible to date these in Kashmir bnt Neolithic culture in Mesopotamia, 
associated w'ith evidences of agriculture, has been assigned an age of 5000 t* 


THK KAKEWA FOKMATfOX 

The Karewas iveic originally regarded as entirely of lacu,strine origin, 
hut iwenl work shows that the lower beds ate at least partly of fluviatile 
lypt. The Ij>w-er Kaivwa. beds are eAtensively developed over a lepgth of 
80 rniles and arc 8 to 10 miles wide. They lie on folded Triasaic and prc« 
Triassic rocks and are about 4,700 ft. thick. They were formed in a sinking 
lake iKfween two slowI>- rising mountains on either side which contributed 
the sediments. Tlwy contain a few- lignite hurirons. The big lake in which 
the SL-fliments w'cre dcpositeij must have been formed liy a barrier ivhich 
was a spur of the mountains between Baramul.a and Ranipur. This divide 
IS known to present a fault scarj. on the Kashmir side. The nncestnil 
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jht-liiin Oit back through this mlgc and draindd the lake and finally captured 
what is now the upper part ot Jhelimi which was odgioally part of the 
Chenab. The presence of ancient river deposits on this spur sho^irs that the 
original Jhduni river which overtopped the divide has left some river 
terraces on both the Ixinks. TIjo l>e%'elled top lies about 1.200 to 1,^00 ft, 
above the present stream lied. The uplift of the 1^ Panjal might har^e 
formcrl a great dam across the overfloiv channel and accenftialod the lake. 
The lower part of Low'er Karewa beds am fiuvjo-glacial and lacustrine 
{2.700 ft.) and probably mainly prcgiacial in age- They are overlain by 
some glacial deposits U4onging to the First Intergladal and Second Cflaciah 
21ic deposits am gravelly at the ba^ htit are mainly composed of dark to 
grey .shales. There arc generally tw^o lignite horizons but sometimes inoie. 
and also carbonaceous clays. The upper part of the Low'cr Karewas. about 
2.000 ft, thick, contains well preserved lea^'cs of plants W'h ich lived in those 
times* The topmost part of the Lower Karewas is again a sand and graii'el 
zone indicating partial shallowing of the lakesv They contain some facetted 
boulders. 


Tahle 74 -The Kakew'a Formation 

{ Ernitici* SatidA, CJayis and varvcd clays ccptaiaii]^ lemains o( 
tHollbM and flame planta, 

OlacioJ 


'5ianda, Rraveb. bu^ and cUya and cUy^ with 

imprsslond of mlaJy smb-tnapacal plantfl and al^ ^-citLiL, 

[ Glaciiil 

CqnKlaiimatc* and carhoiuiJCHiud iihM$9 with lignite {hUpkAi, 
kkinjofffin rtCr) 

I 

IL PrC'gUiCeaJ bedfl (Btrda. fall, plftElLH etc.) 

A disconfoimlty separates the Lower Karewas from the shell and plant 
liearing cla^^ of Lappet Karewns which are 1.000 ft. thick. The folio wing 
be<ls indicate a fall O'f llic water level and the deposition of alternating 
laminati'd yellow marls and sUts and sands. In the last stages, the deposits 
consist mainlv of lacustrine and eolian silty iiiaterials+ Thes^^ beds are 
often found lying over a moraine of the second glaciation* Though \ he I ' pper 
Kartwas contain plant remains, they do not include well preserved leaves 
such as are found in the Lower Kjuewas. 

The Karewa lake has left I sets of terraces, the highest being at about 
6,000 ft. An older terrace appears at a height of about 5.400 ft. During the 
period between the Second and Third Glaciation there am indkalbfi-S that 
the lake became deeper again and there w'as also an uplift of the Pir Fanjal 
during this perbd. After this, the Jhelum seems to have gradually cut 
back ihrough the barrier and largely emptied the lake. 
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The Katewas are found generally to dip towards thu Kastimir viiUjy 
and the (lip increases up to about 40 in the lower parts of Ihe Hanks of the 
l>ir l*aujal. The last stage of the uplift of the J*ir E’anjul nas post-Karewa 
in age ajid is believed to have taken jilaM after the appearance of early man. 
Ihis uplift folded and titled the K arc was and also the rtwks of the i\it\i'ar 
IjLil^^nu Oil thi& souEbcni sid<^ 


According to a S. |>tiri (QJ.G.M.M.S. XX. 61-66. lW8j the plant 
fosails of the Karowaa have been investigated in three areas rv'r,, Liddcrmarg, 
Larcdiira and Xingal nida. By far the laigest group of the Hora consists 
of flowering plants of which Jicarly 70 genera Jiavc been identified. They 
arc predominantly dicotyledons with only a few monocotyledons. Gytnno- 
spcmis arc restricted to harety half a dozen species. Several of the plants 
are of aquatic habit. The flora shows tropical, subtropical and temperate 
spKics. JIany of the plants which are now found Jiving only below' an 
altitude of 5,000 ft. have been fonnd as fossils at 10.500 ft., indicating the 
uplift of the deposits to the present position. Tlic plants include species of 
Acfr, Hfrlxns, /jidign/rrj, Hlfumma, Pr»nu*, Rasa. Pyras, ViblirHum, Bt'ltila. 
QiieKtis, Jitglans, Sattx, Populus, Pittas, Pieea, Janiperus. Nriiimhium. etc! 
The lignite beds show several genera of diatoms, &me of the species are 
still l!\-ing in the Himalayas, while others are cNtinct. The Liddcrmarg 
flora Is mostly tropical while the Ningal nala flora is e.'cclusivdy temiieratt 
containing wUlow. poplar, clierry, walnut, maple, alder, spruce, fir. pine 
and cedar. Tlie modem representatives of these arc still found in the 
Kashmir Valley at an altitude of 7,000 to lO.OdO It. Amongst the animal 
nunains found in the Lower Karewas are fresh-w'atcr shells, fishes, and 
maiiimalla, tlie last including Eijtms, Etepius natHadictis, lias, SivatAfrium, 
R/iinoeeros, Cm’its. Stts, Eehs, etc. These indicate correlation with the 
Pinjor Stage of the Upper SiwaJiks. 


I’OTW'AR SILTS AND LOESS 

The Pot war plateau is covered by a mantle of yellow to pinkish silt, 
which is thick tii the valley depressions attaining a thickness of 550 ft. 
In places it shows typical loess landscape, for cNampIc vertical sided canyons 
near Chakwal and Rawalpindi. The sUts are generally laminated though 
occasionally without structure. They arc very fine grained and uniform 
ajul are composed of artgular grains, due to the material being wind-borne. 
LocUly there are thin layers of marl or small concretions some fragments 
of teeth of ivrtebratcs and a few land and fresh water molluscs {Ptanorbls^ 
Limaofi, Unio. l ivipara. Meiama etc.) are the only fossils found in them! 
.At their base there are gravels coiUaintrig Early Soon implements. 

Though these sills resemble loess, they were apparently laid dowm in 
shallow fresh water lakes or rearranged by streams. The bottom 20 feet 
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of the loess contain ^‘arly man's relics of Levallois type which is more 
advanc«l rhan the Scan Implements in the (pavds below. The tools in the 
loess are not of fInviatUc ori^n. The wind l>orE]e nature and the high 
content of calcium carbqnalt in the deposits account for the absence of 
fossil bones. Alluvial silt also is a very poor ijicdtum for preservation of 
fossilised bones. 

In the Soan valley in Potw'ar, there is a system of five terraces of which 
the third corresponfls to and is composed of pot war Silts. This terrace 
is cut into the moraine of the Third Glaciatiort in Jamimi and Poonch, 
so that the Pot war Silts may be regarded as cuotetn^wraneous with the 
Third Inter-gladial petKHl, The Third Glaciat^n is younger than the 
Upper Karew'as, according to De Terra, 

Uain Boulder-b€d4— Associated with the ^iwaliks of the Manvat 
Kunili and Shchh BiKlin hills in the Trans-Indds continuation of the Sail 
Range there is a Imilder-btHl ahiJiit 70 feet thich (the Bain boulder-bed), 
intercalatorl with the Marw^at formation. The l^oulder-bnci is of glacial 
origin an<i the associated formation contains a fauna w^hich is of \ illa- 
franchiars to Lower ilcistocene age according to 1', O. .Morris (Q, J. (.L S. 
XClV.p, 385. 1938). 

Erratics of the Pol War Plateau.— There arc several localities in the 
Atiock district w here Liige blocks of rrjck are found amidst boulders, gravel 
and finer sediments. Several of these occur Nurtiur Kamalia, a few.’ 
mdes from Campbell pur, one being a granite block «>l 50 feet girth iuul 
another a baSidt block with a girth of 48 feet. Some of the blocks show' 
grooved surfaces^ They now' lie amidst alluvial country, therv being, for 
miles around, no rock outcrops from which they could have derived. 

These ' erratic' blocks seem to have como Irom the Himab^a, trans¬ 
ported through Ihe agency of ke. It is believed that large bodies nf watvr 
were frozen up behind barriers of rack and moraine which ohstruckd ri%w 
valley's during the glacial times, the barriers giving way suddenly wlicn the 
ice partly thawed, Tlic glacial floods which spread out would have brought 
with them unassorted material induding litrge si^ed boulders. There are 
many records of severe floods of the Indus durii^K historic times owing to 
its valley being dammed up hy rock debris. Similar floods, but glacial 
in character, could therefore hav'e takeo place during the Pleistocene limes 

Alluvia] deiMsIts of the Upper Sutlej vuUey.— Largo stretches of 
aJIu^iaj terraces exist in the Sutlej valley in the ffundes Province beyond 
the Central Himalay-a* These are composed of sands, gravels and day's 
w'hich have yielded rmiains of mammalia such as Bos, Bqnus, Papra, Pan- 
ihohps, etc., most of whkh belong to genera now living in Tibet. The 
Tiver has cut through these deposits to a depth of ^ few' huncin 3 d feet. 
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Narmada AJtuvium.^—^Tlie Xannadu and Tapi rivers tlow in a large 
basin covered by extensive Pleistocene and Kecent deposits. The main 
part of the Narmada plain, between JabaJpiir and ] tarda, covers an area 
200 miles long and 3S miles wade* Further down the river, I belt* is another 
plain from Batw ai to Ilafin J’iil near tiagh. The ptain of Tapi in Klrandesh" 
is also similar and rxtends from Biirhanpur westward for ISO rnitBfS and is 
30 miles broatt at its inaximnni. To its south-east is the valley of the 
Puma river In Bf^rar, also containing Pleistocene deposits. 

I he Narmada deposits, amongst these, have received the best attention. 
The deposits in tlie Hard a plain are composed of reddish and browntsfi 
clays, w-ith intercalations of gravel and with kank&r (cakarcons concretions). 

' Hard pians ' of caJcarcons conglomerate arc often bund* The plains are 
abont 100 feet above the bed of the Xaimada, this repfeseiiting the thickness 
of the deposits. Near Gadarwada, north of I^khj^hani in the Central 
Provinces* the alluvium attains a thickness of over 500 feet and contains a 
latentic gravvl at the bottom. 

Between Hoshangabad and Narsinghpur tiie Narmada v^alJey is 7 to 
18 miles wide and a terrace is found 120 ft. the Ijed of the river. 

The Pleistocene and Recent deposits here are over 150 ft. thick. The 
low^cst beds are latertlic with lumps of hcmatitic iron-ore and pieces of 
Deccan Trap, The river has cut through the lalerite* the Pldstoccnu 
deposits are later than the lalcrtte. 

The basal beds of the Pleistocene are coarse, fairly hard conglomerates 
with intercalations of grey micaceous sand and pink silts, having a thkknesa^ 
of lip to 10 or n ft. Elfphas, Hf.tupTQhdon numndkus and Boi tia^'e been 
found in these* as also Pre-Soau Oakes and Abbevillean hand-axes. 

The conglomerate is succeetled by a rci] silty clay with lime concretions, 
having a thickness of 30 ft. This appi^ars to be a river defKisit, containing 
unrolled flakes and Palaeolithic tools. 

These are separated from the upper group of beds by a disconfomiity^ 
Then follow mi concretiouaiy' clan's containing remauis of Bos namadktis, 
Babiilm pafadNtiicus, and Eiefikm .A rich bone-bed in these- 

yielded ^ Tnonyx gartgidcus, Ursus n&madkus, Sjis sp,, L^ptohos fmtm, 
C^Tvus, RkiH^fTos, Nexaproiodon pidindkus, Ekphas n^madietts^ E, inngms, 
Si£god<^n gmfsa, 5 * instgms, and some rupdles* This fauna h younger than 
Pinjor in age* Above these beds are found 30 to 70 feel of pink to hro \4 n 
claj-s with Concretions, which havft yieldeti early Palaeolithic flakes and 
cores of late Soan Ty^. Above these clay beds are browTi coloured regur 
or ' black soil \ These contain small blades and scrapets of flint and jasper^ 
of proto-Ncolithic type. 
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‘J hc latcHtc may be of early Pk*wtt>ouTie age. The lower group is 
-coTTclattxi by I}c Terni with Ihu Boulder Conglomerate ; the upper group 
with Mohvar silts : and the black soil with the redepogiteti J^otwar Sills 
and the Second Lot^. Table 75 showis the correlatipn suggested by De 
Terra and De Chardin. 

TABLJi 75.— Correlation of the Narmada and N,W, India PLRtrrocKNE 
{Afitr De Thkra and P, TEitHAkjj De Chardin.) 
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Godavari alluvium. — Tliere are thick deposits of a1lu%rum along the 
upiKfT Godavari in the Madhya Pradesh and Hyderabad State. They are 
composed mainly of brm^m clay and sandy silts with nodules of and 

Ixxis of graveh In some places west of Chanda the^' are saline^ The gravels 
are composed of ]>ebbles of Deccan Trap, agate and chalcedony. Fossil 
wood trunks have been found in them betwe™ SV^ardha and Rnchapolli 
and betv^een the latter and Alliaka. Animal remains including Ekphas 
namadicus an<l Bos sp.* have been found near MungiK J^laUp Hingob and a 
few other places. 
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Ktstnii (Krinfina) iiltuvium.— ^IravcLs, sandy sitta and catcamnis 
con|;lornenites of Picistocyne age occur in the upper Krishna valley 60 to 80 
feet above the prmtit river bed. Piitijs of the cranium of Fkiitxeroi 
deftantnsis have Itoen found near Goliak and also remains of /ftis. The 
alluvia of the tribtitad4.>« of this river in South Mahmtta connlr>' haw 
yielded stone implenu'tits. 


Madras—Overiving the congloiucratiiS of the l^tiy>avedu (Upper 
Gondvvana) I5eds. in the valley of the Kortidayar rivvr. them is a series of 
four ternwos, respectively lOO feet, 60 feet, 20 feet and 8 feet above the 
river b«l, ITjese contain implements which are referable to Ahbcvilh'an- 
.\cheiiHan (first temicc), AcheuLian (second terrace) Late .\chculjan and 
LevaUoLsian (third terrace) and Upper Palaeolithic (foiirth terrace). 

tn the I'adamatiurai area south-west of Madras. Pleistocene boukler- 
conglomcrates containing Abbevillian tools overlie the Upper Gondwanas, 
Above this is detrital laterite and alluvium, the former containing Ac he u linn 
type of tools. 


Irrawaddy alluvium.— Four terraces have been recognised in the 
tmia^nddy valley overlpng the Irrawaddy System. The oldest terrace is 
SOTn in a group of hills JOO feet above the present river-bed near the Chauk 
oit-field. This contains gravel and Ijoulder-beds and sandstones which ate 
tilted. The fossils found in them are Ekphas mmadkus, Btis. cf. uamaiiictn. 
and Hipp»pi}iarHas, The second and third terraces lie ISO and 100 feet 
respectively above the, river and contain Sliddle IMeistocenu fauna and 
Pabcolithic tools near Jlandaby. The fourth terrace of sandy gravel and 
sand contains a late tt-pe of Palaeolithic implements. The fifth terrace 
grades into recent river deposits. The whole of the tenace system is 
assigned a Middle to l^piJer J'leistocene age h) De Terra, the uppennosl 
Inawaddys being regarded as Lower Pkistocene by the same authority. 


THE LNTX)-G;\NGETU: ALLUVIUM 

General.— The great alluvial tract of the Gangr-s, Brahmaputra and 
the Indus forms one of three main physiographic divisions of India, sepa¬ 
rating the Peninsular from the Extra-Peninsular region, and covering an 
area estimatetl at over 250,000 square miles. The deposits of thus tract 
belong, so to Say. to the last chapter of earth's hLstory and conceal beneath 
them the northern fringes of the Penirisular formations and the Siitithem 
tinges of the ExtradVnihSuJir fomations. The area is geologically 
^mteresting but, ln-ing a rich agricultural tract, is of great interest and 
ImportaRCc in human hislor)*. 

It consists of two units separated b)' a narroiv low ridge passing througli 
Delhi and .Ambola which is but a continuation of a part of the .\Tava]lt 
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nmges, This ridge is not i>articiilarly noticeable ^ it is covered by thin 
deposits of geologically recent date. Geodetic uhscrvntions indicate the 
presence, undemcath the Jndiis alKiviiim, of a ridge parallc] to the Hima¬ 
layas from Dellu to the Salt Range, on whkh lie the Kirana and Sangla FJiJja, 

Orlg^ln of th« depression.— The alltivLui tract is of the riattJre of a 
synclinal basin forinct! concomit^Lntiy ^vith the etc vat ion of the HiniaJava 
to its nortJi. Oi^e view, due to Echiard Siicas, the gn^l .Austrian geologist, 
holds that it is a ' fore-deep ' formed in front of the resistant nia^ of the 
l^eninsula when the Tethyan sediments \vcre thrust souihwartl and compres- 
stxi against them. The Peninsula is regarded as a stable untnoviiig mass, 
anti Central ^Vsia as the moving segment of t he cnist. According so a second 
view, due to !^ir Sydnc>' Buirard (formerly Suneyor^eneral of li^dia) the 
plains represenl a rift-valle>' bounded by jKiraliel faults on either skle. A 
third and more recent view regards this region as a sag in the cnist formed 
lu'tween the northward drifting Indian continent and the coniparativcly 
sedt sedinients accumulated |n the Tethyan basin wlietii the latter were 
crumpled up and lifted up into a monntain system* 

Whether the first or third interpretation Is accepted, the dvnatnical 
effect would appear to he the same. The depression perhaps ^gan to 
form in the ITppt^r Eocene md attained its greatist development during the 
third Hiiiiab)’an upheaval in Middle Miocene. Since then it baa tx^n 
gradually filled up by sediments to form a level plain with a very gentle 
seaw aitl s1o|.x\ 

Nature of the deposits.— The sedimonts are sands, silts and clays 
with occasional grav el beds and lenses of peaty organic matter. The older 
aflumum (called BhtiHgi$rm the Ganges valley) is rather dark coloumi and 
gcnenilly rich in concretions and no<lulcs of impure caldum carbemate 
known as kankttr in Northern India. Tlic fcankaF concretions are of all 
shapes and sizes from small grains to lumps as large as a man "5 head, the 
older alluvium forms slightly devatctl terraces, generally abo^^c the flood 
level, the river having cut through it to a lower JeveL ft is of Middle to 
Upper TIeLstocene age* 

The Kew^er alluvium (called KMaf In the lAinjab) is light coloured 
ajjd poor in calcareous matter. It contains lenticular hods of sand and 
gravel and peat l>eds* It meigef: by insensible gradations into the recent 
or deltaic alluvia and should be assigncfl an Upper Plebjtocene to Recent age,. 

The older alluvium contains the remains of e.vtinct species of animals \ 
including /if/nuorcros, Eftfihas and Equux, 1 

The fossik tn the Newer ,\lhivtum arc mostly those of animals still livdng. 

Depth,- ilie shLipe of ilic depmssion is knoWTi in a general wav. thotigh 
not acciirately* It is flcefs«it within a few miles of the Himalayan foot-hiHs 
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anil gradually shdvcs up toivanb the Ppiiinsula. Horings put down 
rnatnly for arte&ian watiT have penetrated only to 2,000 fL, afl in recent 
alluvial strata. Goodoik data obtained by the Surv^ey of India in Bitiar 
show that the thickness of the deposits in the basin may be of the order of 
6,ODD ft. and probably less than 10,000 ft. An aero-magnetic survey of 
the Gangetic deita in Bengali indioites that the basement rocks lie at a 
depth of about 17,000 to 20,000 ft. Seismic reflections are got at 
<leplhs of 2,5(X) ft., which is the bast- of the alluvitim, and from three otlii-r 
lx‘i!s between this and 9^000 ft. The last may possibly be the top of the 
Cretaceous or Eocene. TIk^sc reflecting besls have a gentle easterly or 
SQUth-eastCTiy dips. The nature and age of these beds tiill be known 
shortly when drilling is uwkrtaken in connection wdtli oil prospecting. 

In the Nahorkatiy.'i area near Digboi in Assam the prospecting w^ork 
the .\ssam Oil Co. has Te%^eakd that the alluvia and Dihings are about 
5,000 ft, thick. Below them come the Tipams down to about 9flOQ fi, 
underlain by the Barails which c.vtend to a depth of more 12,000 ft. 
Geophysical indications of the basement are at depths of 20,000 to 25,000 
ft, below the surface. 

The Bihar earthquake of l934 gavTj indications of the presence of 
loncs of disturbance^ e^’idcntly faults, in the basement below the 
alluvium, parallel to the trend of the Himalayas. 

The alluvLil l^asin is shallow in the gap between the Rajinahal and 
Garo hills, which are connected by a ddgeof ancient rocks along the Satpuni 
tnmd. Some authorities opine that the gap wa-S formed at as late a period as 
the Pleistocene, but as the Assam plateau was uplifted in the Middle Miocene, 
the formation of the gap may well have been contemporaneous with that. 
It is also possible that the gap isconnccteil with one of the post-Gondwana 
trough-faults or is the nortliern end of the vast coast fault which was fonricrl 
in late Jurassic time. 

Little is known about what lies underneath the alluvium and the 
Tertiary' strata in the Gangetic plains. The shape of the Great \indhyaji 
basin suggests that the \lndhyaiis continue beloW' them and have their 
northern border in the sub-Himalayan region. The Vindhyans may be 
overlain by the Lower GDndw'anas which are also known to crop out in 
several places in the sub-Himalayan region, A PeniiCHCarUmiferous and 
Mesoaoic sea probably extended into this basin from the north and deposited 
the Infrakrol-KroLTal succession. Terliarj'^ rocks are undoubtedly present 
below the alluvium. Tliese may indude the iH|uivalents of the Suhathu, 
Dagshai and Kasauli beds, as also the Murrees and SiwaJiks. We may also 
expect these sedimentar)" rocks to bo folded parallel to the Himalayaji 
-trend, for they should have been involved in compressional movements 
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which produced the fore-deep. This speculation has a direct bearing on 
the possible presence of suitable structures favourable for the accu¬ 
mulation of petroleum, in the Ganges-Brahmaputra basin. The structures 
can of murse be found by geophj^kal invesEigatJons using gravimetric and 
seismic methods. The recent discoveiy of geiUly folded structures under¬ 
neath the Brahmaputra alluvium in Upper Assam encourages the bdief 
that similar stmctuies may exist in other parts of the great alluvud basin. 

UDASTAL DEPOSITS 

Eastern Coa^t.— Raised beaches, some of them elevated as much as 
50 to 100 feet abot^e the present sea level, occur at sev^nd places along the 
coast. They contain molhiscan shells of Recent or present day species. 
Such deposits are commou along the Orissa, Neliore, Madras, Madura and 
TinnevcJJy coasts. 

The Chflku Luke.— The ChiJka lake on the Ganjam coast dates back 
to the Pleistocene. It has been rendered shallow by the deposits frtim the 
mouths of the M;LhanadiH while a sand spit has been throwm across the 
mouth by the monsoon w^inds. Near the south-western end of the spit 
there is a deposit of estuarine shells 20 to 30 feet above the high tide leveU 
The shells include CythertJi costa and Area grmasa, neither of which Jive in 
ChiLka Lake at present, but the former is known in the ^nian’ connecting 
the lake with the sea. The Chilka lake ap|X*aTS to be gradually diminishing 
in size. 

South-western CoaAt.— Along the Travancore and coasts* 

mu<l banks have been formed which separate lake-like expanses of water 
(backwaters or Kayals} froni the sea. The backwaters are useci for coastat 
communication by small boats. The mud Ixinks are Pleistocene to Recent 
in age. 

Gujarat.— The lowdying tract connecting the Kathiawar Peninsula 
with the mainland near Ahmedabad shows recent deposits containing 
Cerithium, Potamid^fs, etc,, indicating that this was an estuarine area in 
Pleistocene times, 

Kathiawar.—On the coast of Kathiawar is found a marine limestone 
comjx^scd of the remains of the foraminifer around which calcite 

grains have been formed. It is usually^ sandy in the vicinity of the coasts 
and attains a thickness of 100 feet in westeni Kathiawar^ but is thinner 
and less extensive in eastern Kathiawar, This Miliolito Limestone, also 
called Porbandar Stone, is found on the top of Chotik hill (1.173 feet altb 
tude) w hich provides clear proof of the elevation of the coast in recent 
times. This h locally used as a building stone in Kathiawar. 
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There are also raised beacheSr oj'ster Ix^ and coral reefe on the Kathia¬ 
war coast which have been elevated a few scores of feet since the Pleistocciicr. 

Rann of Kutch.—iJitring the Pleistocene the HantJ W'as a shuJlow^ arni 
of the sea. Even in historic times it w as so, as the Indus and the Sarasvati 
of Vedjc tunes flowed into it* ft Ls now silted up and forms an extensive 
and desolate salt marsh during the dr>' p>an of the yesir and a tidal flat 
covered with a few feet of sea water during the monsoim. 

Mckran Cktaot.^Kaised beach<^^ containing shells of living siiedcs 
are found about 100 fci't above the sea level in the Mckran coast of PaJu- 
chistan. The commonest shells arc Osir^^ kyuih, Attf^mviM arcka^m, 
trasskosiaius. Ana anHquata. WiWrf. etc* 

Detailixl studies have not been made In India on the succession of 
maiine terraces, their heights above sea-kveh thrir fossil content and other 
characters. Until such studies are iinclertaj^en it will not he |>ossible to 
attempt the correlation of the Pleistocene strata. 

AEOLIAN A\l> OTlIEk OEmSlTS 

Loess*—Large stretches of w iiid-blDT,\ii dust of ^jimly Lu clayey consti¬ 
tution arc found in Ihinjab, KashTUir, Sind and Palnchistiin. This matcriaL 
talletl Jot-as, is fine grained hufl or grey cidourcd and with little signs of 
slfatification. It coven* thr land surface irr(-qH?cti\'T of hardens and aJii- 
lude, and deposits arc pUTticnJarly well seen in the Polwar plateau in the 
Salt Range, and in Thai Chotinii in paluchistan. It is essentially a de|xisjt 
of arid regions liable to j^trong vAixiU caiTVung much dust. Thu irregular 
distribution of loess has in Sisoie mtasurc |>een res|ionsiblc for the formatiiiin 
cif shallow Lake’s at the top of the Range, 

Deaert Sands,—A large of western and south-wi^stem Rajasthan 
and Sbdp w ith an area of 400 mjU's long and IL)0 miles wide, constitutes the 
Thar desert* It is, in gent-ral, cov^ereil hy a depth of ^\^ml feet, and in 
some cases several tens of feel, of stands ivhkh are romtantly being shifted 
by winds blowing from the south-west* The sands cover an inrgular 
rocky floor, but cxrcasbnally local prominences and ridges rise above the 
level of the sand. O^'er the grenttr jiart of the area the sands arv piled up 
into dunes. The longitudinal fidge-like dunes are cornmou in the more 
southern parts when? the winrls aft? strong, w hik the cr^^entic t^^ (Bar- 
chane] is more common in the interior. 

The desert grade? in the eastern and north-eastern parts into a 
seml-aricl region cov-ered hy shnife and b>' stunted xerophjtic vegetation* 
It is also studded with the nunam? of abondoiMxl \illagesand towns. In 
the area w-hene the sand cover is thin. It is still pwjssible to do some culli* 
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vation, but the main difficyhy is non-avariability f>f sufficient water for 
ngriculturaJ purposes. 

The sub-soil water varies in rjuality from place to place lUid in the more 
easterly areas it can be used for human const! mptlon ami for agricultuit^. 
In some parts of the semi-desert areas well waters are distinctly brackish to 
saline, and during the monsoon the new sweet water iKmcolatitig*dovm from 
the surface may fioat on top of the brackish water till it is exhausted or 
becomes mixed with the latter. The salinity is laq^ely duo to inland 
-[irainage charjctensing the area. Some have attributed it to fine particles 
of salt brought by the south-west monsoon from the Gulf of Cambay and 
and Rann of Kutch. This view^ however, doc^s not seem to he fully supported 
by facts, for recent investigations seem to prove that at least in the more 
interior [Kirts of KajasthuJt the wind carries very little saline matter from 
the sea. 

The desert conditions seem to have grown gradually only tluring Ihe 
List 3000 to 4000 yeaxs. It is knowm that Sind and Balnchistan and the 
adjoining |)arts of Rajasthan were wooded and had a much more favourable 
climate in pre historic and early historic times. The use of burnt bricks 
for buildings and the presence of w^ell diisigncd drainage systems in the 
settlements of the Mohenjao-daro period apparently indicate that the 
clintate was fairly humid. I t is also known that during historic limes ivi|<l 
elephants llvetl in l^aja'ithan which also inclicates more moist conditions 
than those oiitaining at present. But, belwwn that period and the time 
of invasion of the l^unjab by Alexander the Great (4th century B.Cp), 
conditions had hecome difinitely worse and Ikiluchistan was already he- 
coming arid. 

The growth of the desert condition^ is diie to the fact that thi!i region 
lies along the woll-knovvn northem desert belt. Though moisture-bearing 
wincls of the south-west monsoon blow' over Rajasthan for four montlis 
in the year, there n^^^ no hills acfoss the direction of the wins Is to impede 
.their pitigiessajtd pred pi late some rain. The Aravallis are aligned parallel 
to I he direction of the winds anti do not form a serious obstacle to their 
■ctnirse across RajasthaJi^ The tnonsoon winds therefore bring very scanty, 
if any, rainfall to the area west of the Ara^^llis : tliis area receivii^ only 
5 to 8 inches of rain per year and most of it precipitated in a few' sudden 
and violent clgiid-bursts. The increasing aridity and the Jaige diurnal 
variations of temperature are instnimental in disintegrating the rocks and 
helping in the accumubtkjn of sand lA-hich is distributed by the action of 
winds. 

In a Symposium heki under the auspices of the National Institute of 
Sciences of Imlk in 1953, v-arious aspects of the physical features, environ- 
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ments and insourcps of Rajoslhan have bcijn discius^d and the reader is. 
refdirefl to the S|^ial Bulletin on ttajastha.ti Desert |!ut>tishwc| by that 
Institiitr for more infurniation^ 

l>amiin Sfopes.—in the hilly region al Ikiliichistati Rml Sind there 
are ijtifiortanl gravel and taliis dcpc^it^ of Pleistoci-nt? and ri^ccnt agi^. 
Thesi' materiab, being loose and highly porous, are genemlly good injuifers! 
The water contained in them is dran-n by drivii>g tunnels and wcUs through 
them. In favourable conditions the water rises up in wells umJer semi* 
artesian pressure. Tlie long, nearly horizontal tunnels which itre driven 
into these deposits in order to obtain the water eontabed in them arc 
called Karezes. 

Bhabar and Terui.—In the tiot^hill region of the Himalaya, the 
hills are fringed on the side of the plains by talus fans. The upper portion 
of the talus fans is composed of rock fragments, gravel and soil and supfiorts 
goocl forests. This zone, knoira as the Bhaliar, has a vertical extent of less 
than 1,000 feet between its upper and lower limits. 

Tilt Tenu tract lies imniediaCdy below the Bhabar. It is composed of 
gravely and soil often forming a marshy tract overgrown with grass and 
thid: juiigle. It is an unhealthy zone, uninhabitable unless well drained. 

Cate DeposIts>—Though a number of caves exist in various jiarts 
of the country, es|t«:ial|y in limestones, few of them have been inyestigati-rl 
in detail Some are in unfrequented areas and even the more easily acces¬ 
sible ones have not received the attention they deserve from the scientists. 

A group of caves (Bilb Stirgam} near Betamchcria in the Kumool 
district, Andhra, was examined by Bmce Foote and his son who found a 
rich Pleistocene fauna well preserved in the red'marl of the floor of tlie 
caves. The majority of the fossils belong to species still .living, but a few* 
which are extinct in India arc still found in Africa, such as Paph sp Eamu 
/fvarifa ewHto, .IfuijK cf. giga»li^. Amongst the others ar^ : 

.. Prtfbyiit. MatfKMi, Ckgimpttra. Swjr. Vivtfra kantu. 

Until, Cwtii. HerpiSttE, tiyUwix etAiEi^nt. ktnt, XsEpkiit, jiw 
AanrwftMiT, ^iHiMerKM karMaUnEit. Ruia, Ikftmimma. 

GattUa, Portax, Capm, Onit. Boi, 

., Cwoto^ilns. r4raitMf. Latfria, opkidia, Emyt, PktUina. 

,. ttnna, tiuftf. 

RECENT DEPOSITS 

Coastal Dunes.—.Several parts of the eastern coast of India are 
eovwi^ by sand which is massed into amill sized dunes by winds, rarely 
attaining a height of 30 feet. Such are seen on the coasts of Ganjam, 
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VijKigjipatam, Kcibre, Ramnad and Tinncvi-lly. The sand dunes sJuwIy 
march in\rard Etnd are a menace to cultivation. Their pnogress can be con- 
iroHerl by plantation? of trees. 

River Alluvia.—.Ail the importiint rivers have an erosive action in 
their up|>ef courses and deptwiit their Bedimeiits in the dclL't region. The 
deposits consist of lenticular beds of sand and clay. 

.Along the upper ctnirses of Xorth Indian rivtMS there are deposits of 
lilou’n sand and fine dust. These arc laid down where there are obstacles 
to wind moveiTtent such as clumps of treses or shrul)s. In course of time 
these deposits near ri ver banks become consolidated into nioimds and form 
good sites for villages above the flood leveL They are called 6/iwr lands. 

In the drier portions of the Indus and Ganges valloj'S, where there is 
no good outward drainage, the soil becomes water*lo^cd and the accumu¬ 
lated salts in the ground water are drawn np to the surface to appear as 
efflorescences. Such efflorescences are called rek in the Madhj'a Pradesh 
fiml kaHar in the Punjab, The term usar is applied to alkali-laden land 
un fi t for cultivation, Tlit' salts i n these are mainly sodi nin chloride, sodium 
sulphate and sodium carbonate, Water-Jo^ng and concentration of salts 
is also a feature in parts of the canal-irrigated areas whwifrom there is no 
adequate outward drainage. 

The salts becoine concentrated cornpaiatively near the ground level, 
especially within a depth of some 30 feet from the surface. The water from 
this part is unpalatable and often injurious to the health of (dants and 
aniin,Tls. Further down, however, sweet potable water is usually met with, 

L-ATERITE 

No account of the stratigraphy of India is complete withom a reference 
to the peculiar fcmiginous material called laterite which is a product of 
tropical alteration suffered by s«iinc rocks. It is typically dex'elopcd in 
tropical lands such as India, 31alaya, East Indir?, West Indies, and Tropical 
America, though simiLir formatbns of w.ami climates in some past ages are 
knatm in the temperate regions of the present day also, 

Charuciers.^l-aterite is a porous, pittcii. clay-like rock with red. 
%-ellow, brown, grey and motUed colours, depeiwiing in some measure on the 
wm]»sition. it has a hard protective limonitk crust cm the exposed 
surface which is generally irregular aitd rough. When dug up, the fresh 
material is comparatively soft and easily cut by a spade or a saw, tn this 
state it has often e’aiicgated colours and shows vernilciilar cavities which 
are irregular and tortuous. Lateritc is often pisolitic. the pisolites ha^Hng 
concentric structure and being cemented tog^’ther by ferruginous or 
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alimiinauA matcfUil, Wlictn the fresh soft rock is e^fKkscd to itirp it is quickjy 
dchydratecl atid becomes quite hard. 

'Hie term was first tliietl for material from Mulabar in South India hv 
I-rancw Buchanan in 1800. Hie JoHotvin^ extracts from his diar>' fp. 436) 
are of interest in this connection* 

'■ The ore is found forming beds, veins, or detached masses in the 
stratum of indurated clay that ts to be afteru-^aids described, and of which 
the greater f^irt of the hilis of ^faJabar consist. This ore is composed of 
clayp c^uart^ in the form of sand, and of the common black iron sand. This 
mixture forms small, anpilar ncHiiuIes closely cum|:ractcd together and very' 
friable* It is dug out with a pick-axe." 

Continuing, lie wrote on a later page (p. 440) r— 

" It is diffused in immense masses without any apjiearatice of strati¬ 
fication and is over the granite that forms the h^isis of Mstlay-nJa* ft 

is full of cavdties and pores and contains a very large quantity of iron in 
tlie form of rtt! and yellow' ochres, fn the ma^, while exchid^ from the 
air* it is so soft that any tron instrument readily cuts it and is Hug up in 
square masses with a pick-axe aud Immediately cut intcj the shape wsinted 
w-ith a trowel or a large knife. It w^y soon after becomes as hard as a 
brick and resists the air and water much better than any bricks that I ha\ & 
seen in Indin. 

As It is usually cut into the form of bricks for Imilding. in stfVeral of 
the native dialects it k calliNrI the brick-stone (iTica^id/fiJ. Where however 
by the washing away of the soil, part of it has been exposed to air and has 
hardened uito rock, its colour becomes black, and its pores and inequalities 
give it a kind of resemblance to the skin of a person affected w ith cutaneous 
disordc r ; hence in the Tamil language it is called shuri-cHtl or itch-stone* 
The most proper English name would be laterite, from iaieriHs, the appel¬ 
lation that may be given to it in Science/* 

GompD9lttoii.-^Late]ite is com^)osed m;iiiily of hvdrafetJ oxkles of 
iron and alumina together with thr>se of certain elemenis whkh form the 
group of hydrolysates such as manganese, titanium, vanadium* zirconium 
etc. TIk' silica along with magnesia, alumina etc. contained in the original 
rock are removed in solution leaving behind hydroxides of iron and alumina, 
manganese etc. Some anah^ of gneisses and khondalites in different' 
stages of weathering will be found in the papers by C. S. Fox and 
M. S, Krishnan cited in the bibliography* 

In accordance with the reJativc amounts of the elements present^ 
kteritc may be called ferruginous, aluminous and tnanganiferous. In 
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femiginoiis laterite Is m\ to red-brown in colour, rhc atuminons 
I me grey or cream, and the man^anifcroiis one dark brown to black. 

Relutjon to Parent Rock. — Lateritc may be derived from a variety 
of rocks. These iiiclude alkali rocks like nephcline-syeiiite, trachyte ; 
intermediate and basic igneous rocks like diorites and basalts : gneissic 
rocks rich in feldspars j and sedimentary^ rocks including shales and impure 
limestones. The bauxite ^lepusitsof Arkansas in the L^nited States and ot 
Pocos de CaJdaj; U\ Brazil represent the type derived from alkali rocks* 
Most of the deposits of India are derived from dolcriti- and basalt of the 
Deccan. Trap format km. The lat elites of French VS t*st Africa and Porlu- 
gtiese Guinea ate derivetl mainly hum doterite and diibase. Many deposits 
in the world belong to the tj'pe <lerived from feldspathic rocks containing 
<jn3y a moderate antonnl of alumina and some silica ; thi^ include gneisses 
and granitic flicks W’hicti have given rise to deposits in Stmth India, in the 
Guianan in South America and other places* Alnniinoiis clays have given 
rise to hauxitv and latcrite in Georgia and South Carolina in the U.S.A. 
Impure linu’^tntii^ and tiolomitcs have given rise to laterite in the Medi¬ 
terranean regioit and also in the Ciiribbean regiQji. 

In India large de|.}4>sit^ ol lateritc are found as cappings over the Deccan 
Trap, the thickness of the clipping being sometimes as much as 100 feet. 
There is usually n layer of highly ferruginous ma^tcrial at the surfacCn below 
which there is a berl o^ aluminou.s latcrite or bauxite. These grade further 
iHilow into litliomargic clay which gradually merges into the iinaUered 
rock. The dp|ier portion consLsts of laleritc and hanxite with little or no 
combined sihean 

].aten&attan is seen alsij in the l{a5tvm Ghats where the prewdent rock 
is khondalitc (garnet-sillimanite-feldsiiar gneiss). The material is mostly 
femiginoiis latcrite but occa.sionally rich enough in alumina to be called 
haiixitc. Similar is the case with the kiterite found on gneissic rocks in 
^tnlathar. This latter material still cx;mtains some combinfrd silica. In 
t squeal sections in ^!a]al>ar^ the stirface material is gravelly or pjellety in 
stmeture* under]nin by motlk'd vermicular lalerite containing clay minerals, 
iron oxides and some froe silica, fkdow’ this comes the soft, pale coloured, 
lithoniar^c clay which prrserx'es to some extent the gneissic structure of 
the - original rock w hich underlies it. This is really kaoliniseil gneiss 
gradually changing to laterite. 

fn thbi connectiiHi Sir John J-farrisou's obsen^attons arc interesting :— 

Uodin: trapicjU conditicrua. aciU rdck», such as aplitn. |K>gmaiLtc3 or gninitvs 
or giBniitc gnris«. do not underj^o latcnaatian but gmduaHy change through Icata- 
moTphiBin into pipe pr pot<lays, ur rtwre or kss f|nartdfEf^uA Impure kaAliiu." 

" Uiwlrr Impkal Onpdition^ th^ lutamaTphism ol basic and interm^diaU fCPCks. 
at or Clcrflie to the water-table, under conditions ol more Of perfect dmiEiage, b 


53S CEOLOCV OF INDIA AND PORMA [CHAP, 

acconifKani^ by tht almast cornpl^tp uf aiUc^ fmd of talciuni, iTUignftriumi 

potassium and sodium &k3d«ft, k-avinf; an cmiJiy miduttm oi nluiULtilum trihvdnilc 
(in its crystalline form of gibbsite}. Umonite, a Ictv unaJEeral fragmerits of ftldspars, 
and itl some cases, seoandATy f|iiArtz. and the VArkma re^i^tant ttlinerAls urigiilAlly 
present in tbe rock. Tlie resrduuna if termed primary Literitc/' 

Distribution^—l^terite is e.vtPiisively distributed in Penlnsiilur 
lndia_ It k ctunnion over the Deccan it^}is in tlie ifreiiter part of Bombay, 
Madhya Bharat. .Madhya Pradesh anti Bihar, There are several occii- 
rtuces on tht^ khondaJites of Eastvm Ghats and gneisses of the tvesiern 
(chats in Malabar and Travancxire. There are also nunierous ctcciirrences 
of thill cnisis of laterite in many olher parts of India an rocks of almost 
evm' descriptkjts. Thin becLs of laterite have been found over the Eocene 
rocks of Western Pakistan, and also at the top of the Upper Gondwanas at 
their iunetion with the CretacifOiis in the Trkhinopoly district, Madras. 

HI^K-level and Low-level Laterite.—All the more im|iartant 
occtirrencesof tateritc form massi^^e betU which generally are found capping 
hills in the Deccan trap dountn'. The laterite dap ^'aries considerably m 
thkkness and may be up to 150 or 200 feet^ Laterite also occurs in the 
plains and at the base of the hills, these being in most cases of secondary^ 
origin, derived from the high-level laterite and recemented after depositfon 
in the valleys or plains. Low-level laterite is therefore mainly of detrital 
origin while high-level laterite is priniaiy material. On the whole, the 
primaiy material ^ compel and fairly uniform in composition while the 
detrital laterite is hetfrogeneons, 

AjJe.—ITiere are no definite criteria for determining the age of the 
laterite. The existing deposits in most parts of India may have been 
fonned during the Upper Tertiary, probably mainly during the Pleistoceiie. 
The process is active even at the pn^nt day* As ntentinned above, then? 
are also laterites belonging to other ages not only in this country^ but also 
elsewhere even in countries which are now’ in the cool toinywrate zone. 

Origin^—laterite consists mainly of the oxides of iron and of atumina, 
those rich in alumina grading towards bauxite. It is now' generally agreed 
that the conditions favouring the forntation of laterite are a warm, humid 
climate with plentiful and welj^listribiited rainfall and good drainage. 
The weathering process may prtKluce either laterite and bauxite or clay 
minerals from altiminoiis and iron-lx^aring rocks, Under conditk>u of poor 
drainage, clay minerals are formed such as kaolinite, montmarillonite and 
illite. If there are w'ell-defined wet and dry seasons and fairly gocKl drain¬ 
age* the clay minerals are decomposed to form laterite. Hut with evenlv 
distributed rainfall all through the year, Iron oxide tends to be remos'ed in 
solution because of aeration, leaving behind mainly aluminiiLm hydroxiiiles- 
An alkaline condition of the waters (a fairly high pH value} is favourable 
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for th^ formation of bauxite and laterite, but an acid environment produces 
only silicates in the fonn of clay minerals. Even though the pdrcolating 
waters may be alkaline, an acy conditbii may often l>e brought aboiu by 
the presence of humus acids in the beds tmdet^jng weathering. 

It happeits that when weathering has produced a jEonc of clay 
Tidncnils. subset]nont uplift of tliv area resulting in gocn] drainage may 
bring about the' formation of l>auxite mid the downward migration of the 
clay zone, fhe clay rnincrals are formefl In the zone wher« theft! is poor 
drainage, 

V, M, Goldschmidt bos shown that the elements concentrated in the 
laterite tyjie of wcalhering are those with intermediate ionic potential (the 
ratio of lonk charge to the ionk radius) ranging between 3 and 10, Those 
with low potential, c.g., the alkalies and alkaline eartlts, form the soluble 
cations w^hile those with high potential like phosphorus, nitiogen, sulphiu-p 
silica etc* form the soluble anions. The elements of intiTmcrliate Ionic 
fiotcntial arc hydrol^'scd and fonn the hydroxides of the lateiitic 
The minerals found in bauxite ate diaspom, hoehmi tep bavcritc and gibbsite. 
The former two are monoh\dratcs whik the other two are trihvdrates. 
Aluminium hydroxide gels or one of the trihydrates am be converted into 
-dias|>ore by heat or low grade metamorphism- Tlie gels may also form one 
of the hydroxides, depending on the prevaienl conditions, exposurer to 
carbon dioxide and ageing l>uing favourabk for the formation of bayerite 
and gihbsite. 

Th«Te is a fairly vohiminoiui Hteraliirc on laterite and bauxite and 
the reader is referred to the references at the end of the chapter, 

Uftca.—Eeiruginoiis laterite is used extensively in some parts of India 
for building houses, culverts, bridges and other structure. It is easily 
dressed when freshly quarried but hardens on exposure and is a fairiy good 
and durable building stone, 

,\luminous laterite (or bauxite] is used as an ore of aluminium, for 
the preparation of high grade alumina which is fused and clectroIj'Sed for 
the preparation of the metal. It h also used m oil refining as its colloidal 
constituents ha%^e the property of decolourising oils. It can lie emplovixl 
for the manufacture of salts of aluminium and for making high^alumlna 
cement. There b, in the ferTUginous laterites of India and other countries, 
a ^'ost store of iron which it should be possible to smelt cheaply at some 
future date when the high grade haematite deposits become scarce or 
costh^ to mine or when technological ad\'anccs enable laterite to be used 
•economically as an ore of iron^ 
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SOILS 

The two major of soil are residual and imiuporkd. The first 

one is derived i*f situ from the rocks present in the area and the second is 
brought in by flowing water or wind from elsewhere. The soils in ris'er 
valley's, deltas and motmtain ii'alJeys belong to the second tt'pe, while those 
of the other areas are mainly of the first type, 

llie soils of India have been classified into bteritic, red, black, forest, 
alluvial, marshy. saline-alkaJmc and desert soils. This dassiflcatlon^ 
depending on climate and rainfall iis well as the dr<dnage characteristic 
of the area. ha,s been adopted in a recent Ihiblication entitled ‘ Report of 
the All-India Soil Survey Scheme '* under the Indian t:oiintil of Agricultural 
Research and published as its Bulletin Xo. 73 In 1953. Other methods of 
classifying soils accoiding to their physical characteristics and chemical 
composition may also Ire adopteil. 

I,a tori tic .Soil,—^This is rich in iron and altiminium with some titanium 
Md manganese. It is gener;dly red and clayey and is fairly common 
in areas occupied by the Deccan Traps and some Arcluienn gneisses, 
particularly in the Western Ghats of Ifesore. Slalabar and Travancore. 

Red Soils form a large gr(ni|) and occupy iatge areas in India, They 
are light and porous and contain no soluble salts, kavksr or free carbonate. 
These soi Is are extensively developed over Archaean gneisses and are generally 
deficient in piiosphorous, lime and nitrogen. The red soils are not always 
necessarily red in colour though frequently light red to brown. The colour 
is due to the oxitbtinn and wide diffusion of the iron content. They are 
motlerately fertile for agricultural purposes. 

Black Soli or Reilur is a cbyey to Jooniy soil coin|nsed largely of 
clay material. It is the wclI-knowD ' black cotton sinl ’ and is tlie same 
as the Russian ehermstm. ft is generally black and contains high alumina, 
lime anti magnesixv with a \'aTiablc amount of potash. low nitrogen and 
jyhosphorous. It is generafly porous and swells considerahly on addition 
of water and dries up with conspicuous cracks on losing the muisturc. 'fhe 
swelling pro|ierty is due to the high contvirt of montmorillonite auti beideb 
lite grtaqis of clay minerals. Though sticky when wet and practicallv 
impassable in the rainy sea.son, the black soil is not a compact or lieavy 
clay. It is fairl)' widely spre.'td on the Deccan Traps and or some areas of 
j^eissic and calcareous rocks, ns for example in Hyderalxid and in the 
C.entral and fioutliem districts of Ifatlras. It appears to be pre%'alent in 
areas mth rather low rainfall (20 to 35 inches). 

Alluvial Soils do not really form a definite group. They represent 
both transpotted anti rcsiduai soils which may have been re-worked to some 
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extent by ivatcr. Most of the alluvial soih are loujid in valleys and deltas 
and some may Ik* jitresent in forest and scnii<lescrt areas also. 

Forest Soils may Ik? divided into two groups—one composed of acid 
soils and humus with low status favoiirabk for the formation of padstjl^ 
Vfhile the ollk r consists of neotml sqtU with high base status. Forest soils 
are generally quite rich in humus^ 

Peaty and Marshy Soils an? found in arva^i which are waterlogged 
j^dy to impedt'd drainage. They aa^ gencrnlly rich in organic matter and 
may he associated with jHiaty material. 

Snllne and Alkaline Soils are found in arras of poor dniinage tiith 
htgh evaporaikni or in areas of exclusive irrigation without pro|HT Ili'Shing 
out of the Eiilts by -excess u-ater* They often show efflorescences of sci<liiim, 
calciunn and mugnestuni salts as these salts atr drawn up to the surface by 
capillary action and drying at the surface. Some of these soils contain fair 
amounts of exchangeable sodium. 

Desert So ilia air those which an? found in arid regioxts under conditions 
of poor w^trr supply* They often contain some soluble salts which are 
concentrated hy inlarid drainage. 

Soils can also be chissilkd according to the parent rocks which 
they have been derived, but in such cases the tninsported soils wilt have to 
be studied in rcLition to the areas from which they were Eiriginally derived* 
Ihe soils of India^ on the basis of their geological and minetalogical origin, 
have betrt dt^ribed by W'ndia^ Krishnan and Miiklirrji. In this case 
emphasis wiis given to the nature of the origir^al rocks aiid iheir chemical 
and mincralogical and weathering characteristics. 

The soils of the Indian Ikuinsula liav'e, iu a large measure, attaineii a 
high degree of maturity as they have been under cultivation for many 
centuries and, then^forep represent the products of wisitheringowT long ages. 
In contrast with thus the alluvial soils are generally not so mature. They 
are^ however^ rich and support a large agriculturdl iK>pulatioti and livestock* 

There is naturally a considerable variation in the nature, origin and 
characteristics of soils depending on their origin and the changes to which 
they have been subjected during ihetr evolution. Their study itow lK?long^ 
to the realm of agriculture, ,ilthough their mineralogkaj characters can best 
be elucidated by gecdogists. 


RECFKT changes OF LEVEL ALONG THE COAST 

Niiinerotis changes ha^T occurrixi along the coasts during Recent and 
historic times. These comprise both submergence and emergence. 
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I'vi^nci^ Ilf tmergcnce. we may cite the elevation of parts of the 
coast of Kat|iiawiir+ cjf the [la.nn of Kutch and of the eastom coast 
of Southern India, In the districDi of Tiniievelly and Kaninad, Pleisto¬ 
cene and r<*cent grits and clays are noticed to form raised beaches. Several 
places which were on the se^i some centuries ago are now^ a few miles inland, 
I‘or instance^ Connie nenr the mouth of Godavari* Kavcripatnain in the 
Cauvert’ delta anti Korkai on the coast of Tmnevcily were all flourishing 
sea ports fllioiit 1,000 to 2,000 years ago. Their pro^nt position some 
distance inland may be ^ttributefl to the gradna] growth of deltas of the 
rivcTs at whose mouths they lie. 

In the Princes Uvek at Bombay tit?e stnm|;is were found standing 
in siiu at a ^*cpih of 30 ft, below high water leveL On the Tinnevelly coast 
in Lhc \ aliiiokkain Bay, a similar submerged foit-st hn^ been tioUcckL 
with numerous tree stumps of abciut 2 ft. diameter M the l*ase slioviing up 
at low tide ov^t a bejti of black clay containing o^-ster and othvir marine 
shells, A krge part of the GuH of Ttlanaar and Palk Strait is very shallow 
and has apparently been submerged only in recent geological times, The 
sea has advanced on land at Tranquebaron the Tanjorecoast and the remains 
of a tentplc could be seen above water level in the last century. Similarly 
aLsd a psrt of the former town of Malial>aiipuram near Madras is kfiown to 
have been submerged several feet under the sea. In the city of Madias 
itself, the sea ts vigorously invading the area to the north of the harbour, 
but this is evidently largely due to thi^ construct bti of the harliour. for the 
coastal current swee|^is pa^t the pier anti whirls in towards the land on the 
noithcm side, the prevailing direction of the current being from south to 
north. 

The Amkaii coast as well: as the islands of the Antliinian and Nicobar 
group have un^lorgone submergence in the t’leistooene and decent times. 
Indications of submergence of the Arakan and Teimassedm coasts are 
fumished by the deep creeks and inlets which are noticeable in the topo¬ 
graphical map. TJie submergence U also very clcarlv seen from the air 
when flying along these coasts. On the other hand, the eastern coast of 
the Malay 1‘eiiinsula h:is Iwen slightly uplifted during the s-tme period. 

Changes of level have also occumed as a result of earthquakes. A 
large area bordering the Ranti of Kutch 'hvas sti<ldcnly submerged to the 
extent of 15 ft. white the adjoining area to the north was elevsited, after the 
earthfjiiake of 1819. Several cases of change of level liavt been recorded 
after great earthquakes like those of Assam in |S97 and 1950 and of tfihar 
in 1934. Thi- Madhupxir jungle in eastern Bengal is known to have been 
nekvated b> as much as 50 to 100 ft. in liistoric limts, inducing thereby a 
westward shift of the course of the Brahmaputra in Bengal. 


TifE pleistocene anp hecent 


XX] 


545 


Changes In the courses of rivers 

Some of llic important changoi in Hic cuufses of ihe rivers of the Brah¬ 
maputra. Ganges ami Indus systems have already beeo referred to. Some 
oi them ace attributable to the building up of allutial iayers and of subsidiary 
deltas along the oourses of the rivers. All the rivers emerging from the 
Himalayas have built large talus fans at thdr dchouclinres in the plains, 
thrmigh which they repeatedly cut new channels. It is also noticed that 
there is a tendency, particutarly amongst the rivers of the Indus system, 
gradually to shift tlieir courses towartls the west. It has been suggested 
that this is connected with the roUtbu of the earth, hut jn such a case 
similar phenomena shoultl lie ohsorvable in the ease of all rivers in the 
northern hemisphere. 

Amongst the most notable changes is the diying up of the rivers wliich 
once flowed through Bajosthan. This is mainly due to the gradual desic¬ 
cation of the region, aided to a large extent by deforestation. Deforestation 
always contributes to a decrease in percolation into the strata underground 
and to an increase in the run-off. the latter leading to fmjuent floods. It 
also leads to the shidlowing up of the river beds and encourage the tendency 
of the rivers to overflow their banks almost at evei^r opportunity when the 
run-off is fairly' large. 


SELECTED BIBLIOGRAPHY 
(Plxistoc^hk \?rn Rseexx) 

AudcD. J. RppCkrton Uie wilfi of the Ui R. paper |, |<H2- 

Dr Terror H, Kvideflce of rcceal climatic: chzilgrj shown by Tibetan hif^hlonda. 

J&ur. »4(4L I$J4. 

Dr Tcm H. and De Chordm T, ObservaMtiDa OQ the Upper Siwolllt fcrmatk»n an^ 
lah^r Pl^coccne deposits in India. fVet. Atmr. PAif. 5«?. I'll-823^ IW6. 

De Ti!Tra H; and PiAtmnn T. Studw on toe Afc in ludin, and aweiat^ humar^ 
eulturcf. ImL a/ Rubl. No. 4M3<j, 1939- 

Foote, R. B, Billa Scergam and other Caves id Kumool. Ric. 2T-34, 1884 i Rtc. ^9, 
227-2JJ. 1881. 

IloiB. S. L, On fosil ftabi remaios in the KarewOs. Rer. 7^ 12). 1.938- 
lyen^^, M. Or P. and SubtamaDyank R. Fossil diatoms fmm the Kacewos. Pmt. 
Aic. S£f. iwdia 13. 223-217. 1943- 

La InuctK!, T. D. ^ubroerged farista qf Bombay. Rea, 49, 214-219. 1918^. 

Middfemiaa, C. E. LLgrtitr cqalAelds in Karewa fotmatianS. RiiCu SS, 241-253. 1924. 
>[o™. T O. Thr l^in bouldet-bcfl gj.G.S. 94. 3S5-42L 1938. 

Praabad, B, On a calirctidm of land and ffeah-water mnlluKS trona the Korewas. 
Rfc. SS. J56-36L J924 

Ruri, <#. Preliminary note on the E^pislocenr flora of thr Karewos. 

XN, 194B. 

Sahnj, B. The Karewat of KoH^unir. Sd. (BangakKTe} 5, 113-16, 1936. 

Wadia. [>. N. Pleiatqceoe Ice of^ depositn Ln Kashmir, Pnc, Xsf. ?. 45-3 L 

f941 


544 


CfOLOOY OF INDIA ASD BCRMA 


[CHAP. 


WailiB, D, H., KrisJiiian, JI. S. and Muberjc^. P, X. Gfo^ogical ftMindatJotia of the 

schil^of kK. dtl* 1935- 

Wright, W. K live Quatctitarj fc« |London)^ 1957 - 
F. E. The Fleiat^^ne l^riod^ I^nJati. 19^5. 

‘ ” Sjrmposj um on the PliiKane-^FlebFtoCcrie buun{Ja.r^% i^«r, ittiH 

Int Cflj/. Coitg^ (London), Part IX, \9M. 

^ Report of the alLlndia soil SameV Scheme. CtfVHCit Agi. 

Ret. UuU 7S, 1933. 


LATER ITE 

— --— Laterile and Lateritc Sailfl. Imp. SaB. SfL (Uindon) T«*:fl. 

Conwflt. No. 24, 1932, 

— "— - J'roblems of Poy nod Lalerite gcncju {^ympMiurn). -^a^wr- 

IfUi. Miw. Af4f. Eng. (New VorkJ, 1952. 

Suclianan, Pranc^s^ .\ joumey from AtivlraJi through the countrien of My sort, Canarai^ 
Maiahar pte. (LondoD 1S07. 3 Voli.) Vd. 2 pp. 436437. 
lie Lappareot Bauxites de la France meridionnle. Affjfl. Exf4. CnrU Giol. 

DrmtL 1930- 

Termor, L. L. \A1iat ia Latcrite ? C?r«/. .Mag. 4S^ 454-462 : 507-516 : 559-566. 19M. 

Foa, C. S. BaiiKlte and alumiooLis latoriie. LondDn, 1932- 
Fok, C. S. B^ichdtioo'e Uiterite of Afalabar and KanAra. Rec. 6^^, 3a9-422. 1936- 
<loldfnati. ^LA. and Tr^cojv J, I, Relationa of bauxite And kaolin In the -Ariqinsaj 
bau3«ite depcwilx. Giml. 4!, 567-575, 1946 

^Goldschmidt, V. M. Principles of diabihutlo-Ei of the Chemical elements in mineTAla 
and rocks, /ewr. CA^wi. Sac. 1937^ pp. 655-673. 
liarder, E. C, Stratigmphy and origin of bauxite depoiita. Bnil^ (;<of- Sec. Arwr. 
4i9, 1949- 

Harrison, J. The katamorphism i>f Egneouai rocki under hunud lro|ntAl conditeoEiSi, 

Imp. Bvr. S^. Srh, Tendon, J934- 

Holland. T, H On the conatitdtiiGn, origin and deli%-dratkin of blerite. Af(tg 

59-66. J90J- 

Kriihnan, 31 S. LalenfuafkiD of khondalite, ffrf. 392-399, 1934. 

Laczoui, A. F. A. pbenomenrs d alteration auper6delle dns sihcotees 

alkunineuKrt des pa:i'es tro|jkaiiK. Bur. Etndft Ctoi. Min. Gof. fPkrial Pkibl 
Xn- 25, f934 

Lake. P. Gej^logy rd MiOabar. Afem. ^4, 217-233, 1890. 

MiddlemLas, C. S. Bau^te Oepoaiiii of Jartirau. H^ikmir Rrpari. 1928, 

MoJir., E. C. J, SoHa of ec^natorial re^iona with apecha fefm-iace to Netherland Eist 
rndfts. (TrarH. by Pbndletnn). Edw 9 X^ A Co. Ann Arbor. 1944. 

Rumbold, \\\ G. Banxitc and aluminium, tmp. /nsl. (London) .MoMagt^pk Mru^y 






INDEX 


A 

Abut EcdK 3^ 

Adii^MicrkAlk, 3&6. 405 
Araiiius dL'pqsiti 312 
Agglammtic SIaM 247. 33] 

Ahm«]ji4i{{Ar 274. 4|3 

Aiycn^, Jf- H- N,* 503 
AjAb]^h Scdiok !^, 196 
AKAtiktotmg StagCn 493 
Albata Sta^e, IS4 
Alkali iwiks. IIS. 119. 120. 133, 155 
Allu^-ium : Gwlavari. S27 ; Indo4jange- 
tbc, SIS ; J»si,H¥addyt 52*1 ; 
Krifilina, 528 ; Narmaili, 527 ; 
Madias ansi^ 52i: Sutlej, 524 
Almt4 BetXa, 2j 67, 263 
Alum StmJcs, 388, 470 
AE^'^luia Lim-niitone, 464, 47J 
Alwar £kir|ei$, 190, W 
Amb Ikds.. 338 
Alula Cfauitc, 126 

Aikcppa Bcdfl, 397 

Andaliisite. 121, 136. 134 
Andaman Ivlamls. 67, 7$. 478. 542 
Augarri dom, 308 
AugaiBiand, 308. 324 

AnurtlKwite, 114, 139. 143. 163 
Amtimirtiy, 160 

Apatiu^, 112, 118, 138, 155, 169 
Aiabtaa Sea, 77 
Arukan toast, 542 
Arakim Yotiiag, SO. 37$, 428, 450, 47V 
Araviklli AlDuutaiui, 7. 54, 57, 78, 127. 17$, 
183, 53J 

Aravajli ^jj nUro, 7, 127. 131 
AnivaJii! strikEp 54, 57 

Afthataii C^rmip pi\m lYi^rCauibiiiani) 

54-59, 100 d 5? 
jVr^ati^ 297 
Anyalur Stage, 422 
AtIPiAani gran4jpli\Tr. 138. 140 
Arwnic, 160 
ArteaLmt aquifer, 513 
Atymi group. V5 

As^m - Ai^hai^n, ]43 : Pieniiiui, 331 ; 
Cretacct;]u9> 427 , Teftiar>% 456 ; 
Hflciene^ 476; Oligo-Mioc«tw, 439: 
Mio'PlHKe'uu, 510. 

Asaim 49, 55, 59. 143. 530 

Ae^Uu vredpifc, 59 

Aa^^tm, 113. 169, 195 

Athgarh Sanditune, 277,i 313 

Athlcla Bists 197 

Att^k Slatcfl, I SI, 194 

Auden, J. B., 54. 6S, 150,437 

Auk Shales^ 203. 207 

AufltialiA : «tmia, 285-287 

AuhKkMtc, 103, I4i J9I 

Aaifll group. 73. 378. 429 


I B 

Badasar I3cd4, 396 

Bagh I^ed^4l3 
Bafra Stage, 270. 271 

BaUadila Iiron^fv S«iM^ 12| 

Bain liDutdnr-bedr 524 
Babvnkl^nda Quartzite, |82 
Ikkludaistan m, 14, 15, 67 
BaU, V., 206 

Baluchistan : Trias, 377 i Juraraic, 392 t 
CrctM*>ii8. 410 : Tflfiiy* 
452 ; KoMue, 462 ; Ohfo- 
Ceue, 4$6; Mio-Pliooeim, 510 
Bouaa River. 20 

Banded hematite^ Limtiite—S^e Fcrru- 
pnotti quarUite 

Bajidnd t3fiei«ic C&mplex, 12$, I30j 147. 
193 

Baaditc ]0$ 

BonganapaJle Serie*^ 203, 206 
B;ap beds. 25$ 

Baragolui Stag*?, 489 
Boiahat Scrisa, 247 
Bamd SericB, 489, 496 
Barakar Sme% 262. MS 
Baripoda Beds. 493 
BifitciBahira), |ga r96v 4l9 
Banner Saadttofie. 274, 413 
Barren Iskmd, 49, 77 
Barren Measures^ 265 
Basid Stoge^ 190 
Bauxite, 6y 442, 449, 539 
Bawdwin VukLtnia, 156, 229 
Bawd win ere-bodin^ 231 
Bay of Bengal, 76 

Btras Ri^'er, 24 

Bcaulcrt Scries 290, 291 
Belumuite Bedi. 412 
Belemuitea gerardi beda, 382 
Bcilary 111 

Bengal, Arehacanii. 143 
Beu^ Gneud, 111, 140. 143 
BengpaJ Serieji. 121 
Bcryt. 143. 155. 170 
Betwa Kil-er^ 31 
BhnW* 534 
BhBdiar Bed^ 47J 
Ukander Serieii^ 199. 201 
Bhjxngar. J29 
Bluma Eivtr, 18. 203 
Bhima 203 

Bbola. K. 1^. 130 
Bliuban Stage, 490 
Bbuj Stage, 277 
Dfaur iand5, 535 
Bidaloti Series. 107 
Brjawar J86. Il7 

BijaLieafh Skalef, 200 
Bijun Stige. 267. 268 
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Binnt^ Shaks^ 13L 
Bint^nnii^ M6 

374 

Beds, 347 

Blainl U»uld«f-bcd. 247. 255. 513. 346 
Blacford. W. T,, 437. 5(6 
Block-fautbnj;. 2. 64. 210, 254. 303 
BXock-uplik. 49, 55^ 75 
Buka Bu StBfc, 490 
Bok^im ccial6ekl. 262 
Bolan Licawtcce, h 464 
Boar. P. K, 187 
BoukieT-Cdtiglomrtate, 507 
Biver. IS 

BrahmAjlutra Hiv'cr, 33 
Bmwnr J. C., 23^ 

Buchanan, F., 336 
Bk^duv-adu SaAdstonc!, 280 
BudluSclittUr 195 
Bugti Beds, 487 

Building ttones. 170. 196. 206. 207. 313. 
417 443 

Bundclthand Go™, I29r 135. 147. 1^3 
Burma : Arehaeana, I 54-157 ^ CambeiAO. 
229 ; Ordcviciui-SyurLaji. 236 I 
Dtvuai&n. 241 : Carboalferuua, 
245 : Ptimtan, 347 ; Trias, 377 ; 
Jiirassic. 400 ; Citstaiwus, 423 ; 
Tertian% 457 ; Eucene, 478 g 
OfigoMkKcne. 49 ( ; Mk>- 
Pliocene^ 5l2 ; Fleifitcjcaie, 523 

Bumiii I Volcano belt, $5 
Burenese Art. (5. 66. 67. S3 
Burratti, % G., B4. 529 
Burtod^ B. C.. 122 
BtjJu Scrir% L33 

Bji'ana ; Triaanic^ 362 ; JurafiBlc;, 336 i 
Cnrtaccous^ 403 


C 

CakancQui Zotio CHaluclllataB Aiol 63. 
4101452 ' 

nicki, 103. 135. I4J. ( 54. 190 
Cabu^'ijui UDconkKnTijly. 331 ■ J83 
Caichnaii 69. '209-232 

CajbcHai/cTT>ti4 S>Tinn, 70. 242-246. 324 

CaidilA beauiQjqciti Bed, 435. 446. 463 

Caidita subcomplanau Bed. 411 

CaflabcF^ ridge. 73 

Carnatit Cnejn, 1 iZ 

Camic Sta^e, 335. 360- 3*5. 37| 

Canterite, t67 
Can very Kiver, I9 
Cave depodta^ 534 
Ceksrtite. 4|9 

Omomaaian ttaoigris^kifl* 311 402. 4(S 
Ceratiti! Beds. 374 
CcmtltQ Maih. 374 
CeratLle SohdatiHie, 374 
Ce^ilou ; AicJweaas M^l 18 ; ck^nd^'auu 
232 : SiMKtne 76, 499 
Oia^ Zone. 453 
Chail Sc=nci, 152 


CKambal Biver, 31, 202 
Champaupr i^crics^ I3J 
Champion Gnrisa, 107. 162 
Chatidarpur Sahclaton^a. 185 

tlkandpiLLr Beds, 194, 247 
Chari Serk^ 397 

[ Chamockite, 4, 6. 57. (08-1(1. (16, 119. 
1 143. i70 

I Chatterjee, S. K.. 125 
' Chaugan Stage. 273. 274 
muBg Series. 156. (93. (95. 229 

Chednba libnd. 50 
Chetiab liiver, 23. 40 
CbcTTapanji. 4i 477 
Cherrm Sandstone, 477 
Che>“air ScTiefi. 179. ( BO 
Chhaiat Serk^, 473 
Cblcharia Beds, 269 
Chidamu Beds, 382 
Chadru Beds, 3^ 

Claiktala Stapn, 273 
Cbihldm Snicfl, 402 
Ciillka lake, 4L 531 
I Chdpiihat Scriea, 122. 126 
Chiudwin River* 37 
Chicji Stage, 505 
Chin Slialesi, 378 
Chintalpiidi Sandstone, 267 
Chjpkmher. G, W,. 4I4 
Chamkhan (Beok) 51arl. 414 
Chitiebuia Luncstane, 340. 542- 344 
Chitichun racacs. 327. 329- 367* 386* 405 
Chatial; 242 ; Carhoniferouap 

245 ; Cretaceoui^ 4|0 
CbitriLl Slates, 245 
Chocolate Series 364 
Chof Gtanite. 152 
Chota Namur Gneiss^ l40 
Chriatie. \V, A, K=, 43. 219. 221 
Chromate, 6^ 79. 113- JJ8, 140. 161. 183. 

411.430 
ChrvBobecyL, 173 

Ckt>*ap 172. 196. 31 J, 433- 513* 515 
Clegg. E.L. G.p 156 

Climate, PteKnl day, J, 533 ; Condwana 

301 ; Terthui- 45L 503. 516 
Ck^epet Graaiite, 111 
Cr^aJ, 61. 64. 200. 253. 262, 267. 301- 304 
305. 314-322* 464. 473. 479, 482, 489 
Coates, J, S.. 116 

Coast; EaMem 76* 312; Western 77. 
85 

Coafft, retent thotigca, 542 
Coaatid depoait?, 531 

Coalhelds : Gondw^A 64. 305. 306. 314^ 
322 ; Tmrtiiirj' 470. 481. 489 
Cobalt, 167- 195 
(3a kif. 42 

CoJlDert, E. 1C. 508* 509 
Colnmbdte-Tarttalite. 161 
Ciimipensatian. imtatic, £3 
Cixijeevaram Gravely* 514 
Ccfitinental iheif, 77 
COflularia horiton. 336 
Coppef-ore, 126* 138. 152, (61. 191, 195 







lSiT>EX 


547 


CcioiJ tiiriGstanep 357 
C^rrdieritc. 120. 121. tS4 
Caruqdttin, |I4, 144. 154. 172 
Cdttcr. t;. de 221* 429 
Ctiubort, A. L.* 127 
Cret!|i:i»u9 Sy'StMitt, 72, 73. 401-432 
Crrisicfijottft, igneciUv Jwka in, 73 
C^k^hiuik. 14., 120. t21. |30 
Cry^Ukt waip, SJ 
Cuddalonj S^d^totir, 5l5 
CuddapaJi ti^>iiEip 60, 250 

Ciiddnpah 61, 178, |0i6 

CuddAfKth fllalis, 206 
Cuddapa.!! traps, ]^2 
CnTlll>iiln alatefi. I82, 196 
Ciitch w Kutda 


D 

17ach4t«bikalk. 357, 364. 366. 40S 

DafiahAi Brdi, 48fi 
l>ii] Lake. 46 
Djtling Sc™, 152. J5J 
nodnui Volciinic^. 138 
Unman 534 

PamcHiAr Kiver fVnlliiy), Jg, 32, 3QJ, 305, 
306. 3M* 316 

mtituda S^-stem, 261-268. 305. 306 

J. U.^ 100 

Dfionclla Shatc^ 350. 354 
UnoFiclla 350. 334 

DmrjcclinR c;iici8a,H I5l (53 
Dj» Pupia, H. C., 4Z7, 444 
Davies, L, M., 221, 464 
Uc Boum^n, 114 
Dvccan Tiaps^ 77, 434-449 
Dellii ^yatem. 61 129* 178, 188 
Ucllis ^hiart^iu^, IJJ 
Ucf! Stage, 270 
Ptol^n r^inestDiue^ 152 

(ChifiikhiiTi) Marl, 414 
Detih Deds, 269 
Utwrt deposita, 3J2 
Uc Term, H.* 506. 527 
Do Trim and l\itctaan, 516, 519 
Devciniau System, 70, 24CH243 
r>hak beds. 468 
Dhands^ 45 

Llhan^ul QftftTUEEte, 200 
DhftOiji'jri Staj^c, 139 
Dkanjiri River, 3S 

Uharwar 100. 102-IM. 147, 

m-i92 

Dhok Pathan Slaj^e, 505 
Dhosa UoiUc. 397 
Diimcigadh,m Saiirdstnne, 274 
DiadrmatuBi ^ne, 397 
Djjijnand* 157, 158; 20|* 203. 205 
Didvrana t jiW i 45 
Dkfirr, C., 151, J28, 358, 382 
Dilnng Scries, 511 
Uisang Setica^ 478 

Doj^ SUtr. 150. 151. 194 
Dome Goc^, 1H^ 140, 143 


JJiiLviduin i^rimp. 95 
Dubey, V, S.. 187*. 188. 206, 438. 447 
Dutirajpur Saadatone* 270 
DLidukurii (Dudkurl Be«dJ, 444 
Uiines, 532, 334 

Punghan {Bdlaii) liiuiatoiie, 464 
Dmm. J. A., 138. 232 
DapitLla Series, 311 
Purgapnr Beds, 270. 514 
Du Toit. 301* 310 
Dwarka Beds, 459. 5l3 
Dvvyka Series, 258 


E 

tames, K E-, 464, 499 
Eastern Coast* 76. 312, 458, 531 
Fastmt Gliati. 6. 55, 57, 119* 312 
Eastern Ghats Strike* 55- 57 

EarthriiialDea. 2. 47-49* 80 

EccaScri ca, 290. 291 
Eck^ite, 114. 155 

Emerald, t73 
Enderbite. |]0 
Enceiw S>-aU!m. 75. 462 
Eruipura Gntnite. 128, 130, 13S* 188* 190* 
19Z 193 
Enaties^ 524 
Euramerican flora, 308 
Eurydesma Bed, 261. 334> 335 
Ecan^. P, a.ai\ CmmptCHS*. 85 
Ei'cffist, Mount, 14, 30, 66, 329* 386 
I F^Tnat LirnGstono. 329. 330 
I Pcutic Scries, J29. 330 

I Evt^nest'ii sphefokl* 81 
I Eaotk (blncM). 66^ 73, 328, 367* 404* 405 


F 

Fara f^esjt^raia]i. 223 
Faleh|ang 2onU, 487 

Faults ; .\BSaTB, 50, 75; Bunua, 67; Balu¬ 
chistan, 68; Praan Traps, 436j 
Eastern Ghats, 1^; GondwnJias, 
64. 254. 303* 311 ; Hamolayai, 
66 ; Main Bemndax^', 64, 65* 20Z 
502 ; Great Baundury, 127, t3l* 
135» 202 ; Narmada Vaiicy^ 311 * 
Western Coast* 77* 78 
Feifftmantel, 0„ 254* 231 
FcnC^telLii Sbnlni. 244. 245 

Fermor. L. L. 100, JOi 170* 123. 125. 127. 

146, 155, 311.438*439. 441 
pGrrugUmus ^Juarteite, 102 103, 105, 113* 
137-138, 147, 153. 187 
Fire-clay* 207 
Floods, 23. 38. 41 
j Fluorite, lU 143, 168* 192 
FlvwJx 68. 72. 75, 402. 403. 465, 4S4. 486 
F(Mte. R, R, iOO. 102 203. 206. 231 
Fore-deep* 76. 84, 452 301. 529 
Fount wGHihd* 306* 420* 494. 503* 512, 514 
i Fasad nrwd fTOMp* 511 
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F<re, C. S,, 205, 22J, 234. 258, 311* 33«- 
438, 447, 336 
Fuller'a «artli, 483 


€ 

Caj S^iea, 485. 4^8 
Gnjansat Bcd4. 399 
CAddak Fiver* 29 
OAdRainoptena Beds. 26t. 162, 332 
ijBjiRCft {(.ijuignll Ri'W, 17, 40 
GAdgetic Alluvium. 528 

CAdgpuj Smea, 141 
Guiurgarh SltokSi, 199 
GarbvAnR S«rie9, 229, 250 
E. k.. 209. 119 k 121. 212 
GmurtouCa, |54, 171 
Gvodirtlc obdervAticna, 81 
Gcoid. 81 

GcoloRkal S^^u-tn*, 91, 92 
GhaucAbARd Limestone. 465 
Ghiezii ^alrs. 464 
Choflti. A. M. N., 263. 477 
Gboflb, F, K, liO, 121. 127 

Glioali. S. K.. 311 
Gii^ntopttria Hofa, 71, 30&. 309 
GDI, W, P., 210 
Ctrl UjnExtone, 407 
Gtndih CoAlfirld, 261 
GhmijAR ^ys, 511 
GiudinJ ^TAiitiEtoflr?, 401 
Glfflciatujfl, GoitdwaBA 62-61 + I^istoceiic 
516, 519 
GkEjcm 1 Sh|7 
GbjH tARrd, 208 

GlAucontic, 198. 405. 409 
Glcddie, £. @5 

GkmoptCTii 70, 71, 25J, 255, 307, 
308 309 

Cn^isa : Bellftry, 1 (; Bctigal, 111, |40. 143; 

BeinwiiilA, 130; Fintetine, 116; 
BundElkhARd, III, 129, 135 ; 
Camatlc, 1 tZ ; ChdtB Na^tpug 
138, 140; Lhomt. I1L J40: 
PwLfieelinf^.65; Honur, Lll; Kni- 
lasa, 120; Kudu^a^tuLwa, 116: 
Nil^, {ts* ChAroockjle} : 
Peninaular, 107.170; Warmi, 116 
OodBvnn Fiver fVaEfiv), Ifl. 183 254, 267, 

303.305, 106. 311. 317 
Gotra Fiver* 29 
Cdkak FaD^ 20. ISJ 
GQlapDIi ^^d^ne. 27§ 

Gold. 1D5. 112, 126. 140, 162-L64 
Goldschmidt, V. M„ 519 
QMfm oolite* m, 397 
Gcmdite 125, 126, 133. 14|. 165, 166 
Gouidwanu Coalftelds, 316-322 
GondwiuiBliind, 70, 253, 304. 310. 312. 
124, 43 L 450 

GondwAitA Grtmp. 62-64, 251-322 I 

AoRola. 292 ; AjijcntioA, 297, 
AiitArctlCA*299 ; Austmlia, 285- 
280 ; Bnoil* 294'-296 ; 


.\fric3i, 291; FalklflTid. li. 298: 
5fD£Ainb^ue, 291; Lladagascar^ 
293 ; Khodwia. 291 ; South 
Africa, 288-291; Taamania, 287 
Gopal. V., 282 

Granite : Amla, 126; dosepet, 54, HI ; 

Central tUmaluLVdil, 65. 497 ; 
Ermpani* 54, |Jol l92; Uo*ur, 
54 ; Idar, 192 ; JidOf-SiMqSfla, 
192 ; 154; Kojlai^ 

475 ; MyUk-m, 144; SinRhbhum, 
54. 140 ; Tawiig-Feng^, 235 

GfApbit#, 118. 173 
Graptelite B«ls, 139 
GTAvity anf^maltes, 82, 85 
GT«At Liniestene* 346 
Gray Shalia. 350 l 355 
GiicSbach, C L., I SI. 235, 384 
Gdlcheru Quartzite. 100 
Gupta, B. C. 127 
Gwadoj- 510 

CmaII+w SefiEs, l32i 1S6 
Gymnites Beds, 368 

Gyp^m, 201, 211, 214. 216. 222, 417. 471 
CujafAt, 54. 133. 413, 437/459. 481.498 


li 

Hafleng-Disang fault, 60. 476, 478. 489 
JdaimantA Syatem, 151, 194, 226-239 
llaOatadt marble. 329. 351. 364. 367, 386, 
405 

Holubia Beds, 350, 353. 360 

Haluritc^ Uedo. J60, 365 
Hangii SItales. 472 
Hau^ breccia., 473 
Hairtsun. J,, 536 
Hnyden, H. I5I. 228,475 
Hayfofd, S3 

Hftwa, 14, 247, 346. 307* 376, 387* 40«, 
474 

llarara Slates, J 94 

Heim and Gansscr, 65. 86* 152, 195, 205. 

229, 284, 250. 328* 158, 364,403, 
404 

HcLslianciL 83 
H«iiiiAater Beds^ 407 
HemipEHiuineS Beds, 411 

revolution, 63, 70, 252 307, 

Hctt^nitc, 1L4 

H«fon, A. M., 112, 127. ija 186.. 1M 
Hidden range and tn>iigh. 84 
HlO hmestane, 473, 474 
Himalrkya Mts„ 10, | J, 14, 64-65, 80 
HimalAvan (A|pjn«) Omceay, 3|0, 450 
Beds. 268 

HimiiiAtnagar Sonditone 274* 413 
HimfRkuAh, 14 
Hinglaj San^litnce* 486 

Rippurite Ume4tane. 410, 446* 454 
HnlW, T. H * 43, 95. 100. 110. 115. 221 
, Holmrs., A_, 57. 58 
Houghly Hiver* 32 
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Horn. S. 44? 

Harmur i?erH» timih 2^S5. 223 
Hornxion^ brtwa, i9C 
Hoaur gcH^isSp I IL 
Kucne, F. von. 253. 443r 442 
Kundca. m. 3S6p 403 
HuttI j^oLdA^dr 1^4 

Myderabrtd: AnJia^^llii 112: Paktmlft [S4. 
Bhiniiis 203 


I 


TdAr GfanSte, 15*2 
iimertiiff. m. U4p m- 43y 
Itirdi^Ganurtic alluv'ium, 53S 
iTtdabraltTn, 503 
Jndo-Ganitetic plaifWp L 2^ 4S 
IndiaJi River, 10^ 22. 39 
Infm-Krol Ssifitsa^ 250. 346 
Ipfra-Traprjwaii bvd*. 443 
Infm-Tj-iw, 247, 346. 376 
IrUer-Ttapptftn twdSp 444 
Tiiakonda yMirtzitc, 1^12 
Iion-c^p ill. 126. U7. 332. OS. 147, 164. 
265.314 

Iron-Pre Series. 07* 141 
Iitm-nre SeHei |2L 

IroBstwrtc 265 

ImawMldy l^vcf, 37 
Irrawaddy Si^m, 75. 5l2 
Imtaay^ $2, &3 
Iyengar, Sampat, 107 
ly«* U .A. 05, l«3* 2^ 

J 

JBbalpt^r ScTtes. 273, 274 
Jahln Beds. J40 
jacflb, IL. 2S3 

Jadrjiie. 430 

jaftfia SeoM. 499 
JaEni;iit Sent*- 436- 477 
Jaiaalmcar 396 

jakit Granite, 192 

j amniAlmadktgu Scrictii, 203 
aunsar Scties^ 247 
Jafinc)^. H., B4 
Jraam Slage. 490 

Jliaria qoolficy, 261 303. 305. 316, 321 
Jludum River, 23, 24. 40 
Jhiri Sbak*, 199 
Jiian SjUtdsteme. 131, 191 

Jng rOeniQppa) fnlla, 20 
Jones. H. C.. 07 
Ju-miUi RiVit, 27, 2S 
jnntw System, 72, 301-400 
Jntogh SerieA. 152 
jQvavitm Bnls. 350. 355 


K 

Kalming Granite. 154 
Kailits RAngc^ 9 
Kaila* cuofibnwrate^ 475 


1 


Kaitas grgurin, 475 
K.iilaa, Ml.. 10. 21 25. 66- 404. 475 
Kaimur Scries^ 199. 200 
Kalxillmt Limotunfr. I9® 

Kaldbagh Beds. 340 

KalaehitU hm 376, 3S8. 473. 506 

Kaliidj6 Series, tS3 

Kalar Kaliar. 44 

Knlapani Lioiestnnt, 365 

Kiilli River, 29 

Kallar*2l6. 535 

Katna StaiJc, 492 

Kamawk-ila Limestone. 377 

Kamlial Sta^- 504 

Kampa System, 407 

Kamtbi B«i^, 267 

KatuLwar Sratem, 243 

KaAchefijunjp- 14. 30. 66. 152 

Kandra i^cnaic^, 113 

Katiksir. 415> 529 

Kantkcte S^u3d^it^snf^. 399 

K-'mlin. 513, 515 

Raiilknram RaPRe. 9- 63, 70 

Kiirewa fctfifiat™. 521 

R.-irharK-krii litaRe, 261 

ivBtrtkal Hcdi. 510 
K-imaJi River, 29 _ ^ 

Karroo System. 289, 291. 292. 193 

KasaiaU Bt'da, 4SS 

Kashmir ■ Pre'Cambrian, 150 I 

^oic (iinldsailifcrousS, 247 ; 
Cambfiart, 326 : Ordoviryin- 
^ilnrian, 135 : lAevanian, 240 ; 
CarbonibroLtfl^ 244 ; l^injal 
Trap, 33( ; Gan^amopferia beds. 
332 i iVrtnian. 3^ ; infrt' 
Trias, 346 ; rrias. 367i, 366 J 
Jurassie. 3fl7 : Cretacttws. 
407 ; Eocene, 474: Karew-a. 
521 


Kashmir urndge. 60, 110. 223 
Katrnl SeHra, 399 
Katta Beds, 338 
K«iVa, 71, 2^2 
Khadar, 529 

Khaimbad Limestone, 470 
Khaia Sa^buda, 43 
Khojderila GritS^ 131 
Kha4U Greenstone. 144 


ueinjiia Stage. 198 ^ 

tewra Trap. 115 

icijidfi Shates. 454, 486 

lofalit /rcrae, 68, 69. 453 

tondalile, 57. 110. 116, 119. i20, 154. 

166. 171, 173 


King. W., 100. 122, 203. 210 
Kinrigiie, 110 
Klogod fbclea, 366 

KiotOi Limeatone—Sfif fclegalodOffl Lime- 


Kirtlmr flilU, 14, 15, 6R. m 462, ^ 
Kirtbar Series, 465 
Kathiawar, 438, 459. 511 531 
Kistna Server 179 . 101 
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KiiKlanaitc Scri«w (07 
Kodunte. 6, 1(9, 166 
Kohot ShaTM. 471 
Kci^lkuiitla Umc^larK, ZDZ, 2C0 
Kmlamnak NI)S]«9, I 
KdlAr belt, 105, 162 

KoIat f^td 162 

K^thmti Scri^. m,m 
Kuliili Htafte. 477 
Kpai kiver. 30 
Kofl^at. F,. 4J9. 424 
Kfita Sta^e. 273 

KraDt. A. Vtffi* 151. m. 403. 404 
Kri^iElA {Kifitna} River, IB, 2D2. 203 
Kri^niui, M, S.. 127, 141. 43t 503 
1^1 Belt, 66 
Kml Sk^ries, 346. 3«7 
Kulflnna Beds, 474 
Kuling S>nleni. 263. 325 
Kymflo^ : l^cXaHlbrtim 151, Cambrian, 
229 i Ofdnvician, 234; ^laimn, 
235 ; Devufiiao, 140; Fcrmian, 
327; Trifl*. 33«. 364; Juiasul-, 
3B4 ; CrEtacMJus, 403 
Kuchmiui lake, 43 
Kundair 202 

Kundijljat 340 
Kurtfiouj Sj-st™. 17^, 202 
KnshalKarii Limestu-n^, 190. 191 
K jti SboJi', 365 

Kuteb ; t;Mi 4 iwaiia* 277 ; Jurassic, 396; 
Cretaceous, 413; TmLan', 459; 
Ecxetie, 4S1 ; Obgo-^liocime, 
497 

K>ajiite, 153. 173, 1S4 


L 

Laccadives, 54. T7 
Lacb] Series, 25B. 330 
Lsidskb HauKH?, 9. 10. 22 
Ladkuic Sia«e, 354. 365. 37l 
LaisonK Stage, 490 
Lakadniig Limestone, 477 
XjOtadLinK Sandstone, 477 
Lakje. l\, 55. W 
Lakes. 42-47 
l.aki SeTi», 464 
LuroeltibraiatJi Bed, 370 
Lameta Beds, 442 
Langpar Stage. 427 
].japtjiJ Series. 3St4 
Lskkar. B., 263 

Ijitarite. 441 475. 514. 535-539 
La Tonebe, |27 
Laungshe Sbaks, 479 
Lavmdor Cla^'i, 337 
Uad-oro. 165, IK2. 23» 

Lcbner, 223 
Lei Ccmglofiietate, 507 
Irepper, C. W„ 493 

G, E , 506. 50(8 
Lignite, 459. 480. 4^1. 4^2, 513, 51S, 523 
Libitg Syitem, 351 


Lime^tune: Ajabfiarh 190. 196; Alvenlina, 
464. 471: Blaacwanpiiia, |91 I 
Bbancler, 201, 207; Bliima* 204; 
Beubtin [.DungbanK 464; Ocmtile. 
374;Cbharat. 473;Cbikkim, 401: 
Cbitkbun, 340. 342; Cnral, 357; 
li^neUa, 354; Bvemt, 329; Ca|, 
4€5 ; CpbaxabamL 465 ; Cm. 
407 ; Halobift. 355. 360; 

Haluirites, 360; Hemipnei.iflt(a, 
411; im 355. 360: Hippuritc, 
410 * Irtlra-Trisa^ 346 ; Inlrt- 
trapUH-an, 4&2; Jaisalmcf, 396 ; 
JuvavitEia^ 355; Kairalmt, 198? 
Kaladgi. 1B3; Kala|»?uiin 365 I 
Kamawkala, 377 : Khnimbad* 
470: Kheinjua, |98; Koilktititla, 
202; Knlhnai. Ifib: Kwl, 346 : 
KusbiiljtMi, 190. 191 : Laithi, 
3 30 ; Lias, 392: Lakadetig, 477; 
LipiiJc 244; Lorkhart 473; STcr?!^ 
Ukkm. 357. 362. 370. 371. 377 ; 
31eiin^, 464 ; Alogok, ]55i MchaI^ 
mein 156.246; Mu<rbr1kJilk, 352. 
354 ; Xalbimalai, 1S2 : XammaL 
471 : NWj-al, 203; -Xari, 4S5 ; 
Xummulitic, 465. 471. 474, 462; 
Xarji, 203.206.207; XimbcLbcni, 
198.207; Nili, 358 ; Nodnlar, 
352 ; XATiucigbnw, 238; l^clauk- 
pin, 243 ; FakbaL 1S4 ; Pfelnad„ 
203 : I^h 410 ; l^tcham, 397 ; 
Fengani;^^ 184 ; Plateau, 242. 
245. 246, 347 : F^bondar, 531 ; 

477: Prodactus, 338 342; 
Raialo. 134. I35 ; Baipur, 185 ; 
Itrtlitas, 198 ; Sakesar, 4?l : 
Sanuma Suk, 392; Scarp, 407; 
Shall, 347; Sliekban, 471; Siju, 
478 : Spinta^i, 467 ; Syllwi, 
477 ; Syringetlii™, 244 ; 
Timiiait. 198; TmamalocnnuS^ 
360; Trr^pitei, 355, 363. 365 ; 
Twna. 407 ; llmlAtduhp 477 ; 
3"empalie, I80 
Upak Serk^ 244 
Lithcigitapliie liiriif?itune, ||5. 410 
LccbambaJ Beds, 382 
Oekhart Ltme;ftcmi!,^73 
Lmss, 523, 532 
Lod-Atl Seii^, 400 
Lbiiar lake, 44 
Lunm^ellfl 382, 384 
Liini Hivex, 20 
Lunkamaaax lake, 43 

M 

ktadaren. J. SI., 100, 263, 331 
Macroeepbalas Beds, 397 
3ladlian Slalelk 347 
Madagascar. 71 
Aladbuptir juivgle. 542 

Alagncaian Sandf tun^p 223 
Mnjpiaite. JI3> 174 





IHPEX 


551 


138, 139* m. (65 
Afahadt^vn Series. 269, 307 
^liLbiuiev^n. C.. 184. 203 

l3k{AliLiu!t<» StiiRe, 427 
Mii>iiixi.^di Kivw, 18, 185, m 303. 

306. 511. 317 

56, 57. 120 

MAliinanOA Kiver^ 32 
Sbtaiii Hivex^ 20 

MAin Boundary Fm\i, 64, 202. 502 

Main Saniijitone Series^ 409 
^tokranii marble, 134. 171 
Maltiai iSO. 192. 192. 202 

SlnJeri Sla|?c. 270 
Mallet. F. K . (88.489 
Malprahha Rivier ( S. 183 
MaiiAii Kiver, 24 
ManaBartiivar, 9. 24. 25, 46 
LAfae, 44 

Majichhar Series, 508 
\lamlhali Beds. J94. 247. 255 

are. (15. 126. 123. 142. 147. 
165, J66, 187 
Man^ti Beds, 268 

Marble ^ Uhamaiian, J33, 142, 147. 

J7lj Bijawar, 187^ iJelhi, 196; 
AfoBofc, 155. 156; Kaladgi. 183; 
liaialo. 134. 135, 171; VmcljTui, 
207 

Maridi 132, 194, 250 

MAthmr, K. K.. 428 

5Tn.u-scii Seriea^ 23S 

MnllicDtt. H. B.. 187. 254 

Mce'iboc^aji Bed. 252. 358 

Meyaiodchn Limestone. 350. 33?. 362. 

364, 366, 270. 371* 377. 386, 388 
Mcffhnia River, 25 
Mekriin,4. 51. 78. 5(0, 531 
Mekron Series. 310 
UcTf^i Sciica, 156. 232 
Meting Stiadetf. 464 
Mica, 112. 174 
Mica-periiclctitea, 284 

MddlemiM, C, 127, 219, 22J, 224* 413 
Milmlite limesti^ne, 531 
Mji>-Pliacene. 75* 501-515 
Series, 154 

Mdybdciiite. 167, 168 

McAiixite. 31. ns. 143, 167, 168 

MoriE Lanif fcliu^ts^ 156 

Manuti^ Simla. 350. 357 

Maiwoci, 3. 4. 333 

Mopiistono, 118. 155. 173 

Marar Scriea. 186 

Mmii, T. O.. 524 

Motur Su^e, 265 

MnuJmcin Umcstr^nep 136^ 246 

^fountains. 4 

Mud vdeadDes. SO^-Sl 

Mukherjce, P. 491 

Murray Hidgc, 78 

Murm ikri^ 487, 496 

MiuKhelkalk, 350, 332. 358. 163* 271 

Math guaxtzitc. 70. 223. 240 247. 250 

Myllicffl Granite. 144 


I Nagari Qiiartzites, 180 
r Nasrri St^ige, 505 

XflRtliat Bedi> 247 
Nftl lake, 44 

N'alUrimlai Seriei, 179, 182 
Nammal LkmcsCoFte* and Shales, 47J 
N'amsa^ Beds, 511 
Nomahim Bedfi. 229 

Nam^au Seriea^ 400 
Nandyal ShalEa. 20 L 201 
Nonira Raxlpat* 14 . 22 . 150 
Naojiaon StoH^. 489 
Napang Beds^ 377 , 400 
Kappas : Z 5. 65. 328 
Xirmoda Rii-er Valley* ( 9 . 74 . 197 , 198 , 
254 . 306 . 311 . 412 , 526 
Nareondam* 49 
*X*ri Series, 485 , 498 
Kaiji Limestone. 201 
Naunglungyi Sta^je. 236, 238 
Kagrais Scries, 429 
NeiMl 14 . 29 . 26 . 152 , 194 , 327 
^leobelijs 3 cd». 223 
N'Cfwwr tlglnrite, 141 
Nickel-Cobalt Die, 167 
NicQbar Ji. 67 . 76 , 77 
NQfpri iruMJ ntains^ 4 , 108 
Nllgiri Gneisi. 108 
I Nirrmr SamMone. 414 
Nimbahera limwtnne, 199 
iCinlynt Stage^ 423 
Kiti Limestone* 352 h 33S 
Nodular Umeatono (TriaB), 150 . 332 
None Sd^, 155 * 360 * 363 . 371 
Nam San^ (Num Hong Khu) 311 

Noqtuh ^ndstone^ 477 
Nyaungbaw Limeatone. 238 


O 

Ocdire. 132. 207 
OU-fielda, 51. 489. 494-^497 
Otl-ahMe, 216 

Older MetamoiptiLc Series^ 1J7 

Oldham. R. D., 446. 447 

Oldham. T., 49, 2(9 

OUgo-Minesne, 484 

Qiive Series 225, 327 

Oman. (5. 71. 78 

Ophioma Zone, 352 

Ordqviciaii'SUiuiaii, 69. 233-240 

OroRjeny, HimaJayan. 74. 450. 484. 502 

Orpimeht, 160 

OrtlKiceru Bedo, 218 

Otocew ZoRfl, 332 


P 

Sandstone. 411 
Pachmarhi bilkt, 7, 267* 269 
Rachtnaihi Stage. 269 
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Pachbaidi^ lake, 43 
PKiliukpin Uitirtlcmf, 243 
Ftadaung days, 49-2 
I^khul SeNcfi, IS3 
WJaeoraics^ 7U 209-251 
F44;}iat gap, 5 
PalL S«i«. 267. 268 
I^im4 l^crka^ 203 
Pta^iHzhct Stnriftfl, 268. 307 

f^niatn Seiim. 203 

Vak:AxkieB, 64, 327, 331. 332 
^hrdl;9, 199 

i^ti^nel lUxnrc, 77. 437 
Pap^ghni Scria, |79, IBO 
Far |86 

Para Stagt, 381 
f^li Limcstmic, 410 
E^uifiar Sandjtcinc, 396 
Stifffi, 169 

Pascew, K. H., 219. 111. Ml 
Fatala Stialei, 470 
I^lcham BmIs, 397 
I^ralur Sandstuiie, 280 
Paunggyi cmigloroeratc, 479 
Pega Ser\^ 491 
If^nganga Brds, 1S4 
l^insula, Structure of, 54-64 
PefiiEP^atar Gncj«s, I07» 112, KL3. 140. |62 
ttiver, I9 

t^iuian Sj-stifn, 324-348 
Pcnna-CarbouifcTDLift ftoruk 307 
Fe!tn?l£um (Oil), HO. 473. 484S. 489. 494- 
497, 531 

PbJogepLl?. 114. 118. 175 
Fhosphktic iKxicLict, 416 
Pilgrim. G. 65. 50Z 506, 508 
Pindiiya Deda, 238 
Pinfuld. F.. S., 210, 219. 221.223 
Knjerr Stage, 507 

1^ PWiial, 10. 23. 76. 194, 147. 36Z 451. 

474. 507. 519. 521 
r^lchblimtk (uranifute| 57. 143 
I4atfau basalt, 434 
Flateaiii Limeatunr. I57. 24Z 245 
Halimu yuiutjdtf?. 203 
PkistdCCnc 516-528 

Piy Sertt^s, 244 

FaMkaraq. boulder brdSj 258 
pDlyxittqniq» Bedii, 392 
Po4aiaung SaudAtotiCr, 480 
FiD<ndkherr>v424, 481. 513 

l\irb(LEidiLr ntune, 531 
Ir^orci'llnqLte SUigc, 198 
Ititaali 218 

Potwar plateau, 60,210, 45S, 487. 504. 524 

PtJiDfflr Silt. 523 

Prainanik, 43 

lYaiig LitneakjFtM?^ 477 

Ptuductui Limi^tunL,, 33S-342 

Ptodiictbu^ (KulLug) SbaJes. 315. 327 

l^itupbyllum fnunulciilia) IkiTa, 255. 307 

hunzoug 368 

Pulksit l*l», 42 
FuiLvuDrdLi Sta^, ISO 
PuUampcrt Static, ISI 


PuTuna group. 61, 9S. 178, 185 
Purple SacMi!riunc. 221. 224 
Puri, G. S.g 523 
I’^alo Stai;^, 493 
Petite. 16Z 164. 200 


Q 

Qiuirta Vflins (reels), 136, (40 
Qciartutc Seriea, 3^. 337. 362 
Qllilau Beda. 498 


R 


Kaglutvapumin ShalfrAi 278 

Raiaio Seneft. 134 
Bainlall. 3 , 4 
Raidak River* 34 


Kaipur Liiud^ne, 185 


Ita 

Ha 


amatkendri Sandatone* 513 
amiLbendri, inltft and inter-tiuppeana.. 


424. 444. 432 
Ifa inahal bills, 7 
ICajmabal Serlc4. 271 
Kaj maliBl Trapfl, 64. 27l. 271 
Raj Natb, 177, 399 

RajaEthaa? ArchacUJia 127, Utalhi S^'fleiUp 
188. Vindlij-an, 199; Juraask, 
396; CretACKuts, 413: Fctcanep 
459. 480 ; 532 

Ralain Series 205.150 


Kaiuberg, H.. 110 

t ijiiTiT i iaknd, 50, 429 

Itangit Valley, 163, 330. 347 

Rankgaii| coal6dd, 162. 303, 316. 317 

Rauigunj SerP4k 267 

katiikot Serka^ 4*3 

Rann (ol Kuteh) 43, 45, 531 542 

l-CaiLtharabbdr Quartrite. 131^ 186 

Ranlhiimbhar Trap, 3 32 

llao, S. R,. NaravaD, 413^ 417^ 427* 445 

Rau, B. Rama, \(Sh 103, 105, 107* 110 

Rau, L. Rama. 424, 481 

Kao^ 51. B.* Rjutuieliandra, 107 

Rao, K, Sripada, 107. 425 

Ravi River, 24, 40 

Recent depoaita, 534 

Red Reds (Kalaw) 42S 

Red soils. 540 

Reed. F. R. C., 226, 342 

Regur. 44Z 449, 540 

Reh.535 

Rebmanni Beds, 397 


Reuji Stage. 490 
Ueahutl C^glomenite, 410 
RiTim Series* 199, 200 
Rev^ St^e, 478 
Rbaetk. 357, 366 
RttiaeDpteris dora, 308 
Rhyolite. 230. 332. 437, 438 
Rikba Bedi^ 159 

Ripple marks, 180, 200, 201. 388 
Rii'em, 17-41 
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RochssJt, 211. 214. 117. 21S 
198 

Hoy ChoT*’iJhury* >J. li.p 187 


s 


^bm-mAli Hh'&fp 20 

&if«l KqK 15- 69 
SaTijil. B , 220. ^ 

!^hcj.^9.L H., 197 
Sakamikii« ISotics, 107 
Limcatone^i 471 
^dtScnM, 124, 142 
SaJij^mAj 50. 332 
SallcbdA Serins. L50* 151 
S^iTl MjitI {Saline Sifrics), 2I5‘'124 
Sfllt I^pudomorpb Shali^. 225 
Salt RMVge : I4p 60. m 2i5; Cambrian, 
209-226 l Bouldcr^btid, 259 ; 
Ptnnb-n. 335 ; Trias, 374 ; 
Jumuk, 398 ; Civtajc^ou^, 412; 
Tertiary, 454; Eoccm?, 467j 
Alurtee, 487 ; Siwalik. 501 
Salwveb Kivef, 39 
Samana Hankie, 392^ 409. 472 
Satnana Snk Limestone. 392 
t^mbllAr Labe. 42 
Sumoiakite. 53 
^nko^li River^ 34 
Santa Catarina SiTitt-m, 294 -296 
Sapphire. IS4, 173 
Sor^icJioI shales, 245 
Sarasvati Riv4^, 25, 26, 39 
Scarp Limefltcme, 407, 442 
Satpura Mta., 7 
Satpurm Strike, 55- 141. 144 
Sat>'a^^u Beds, 282 
Sanmr SeriHi, 101, I25, 142. 166 
Sawa C^rita, 191 
Scjnri ScTicfl. |9S 
Scroentine. 73, 79, 133, 133, 429 
^ard, A. €„ 213 
Shall Limistc™, 347 
Slian States: Archaean, I56 ; Cambrian, 
229 ; OrilovJciaji-Silur4a&« 236; 
Ofvonian, 242; Permo-C-arbemik 
frroiis, 245; Triaa, 377; JuraSDsic* 
402 ; Cr^^tawotfs, 423 
bhaiiLia^ N. L-, 130, 193 
Shell Liomtone, 392. 384, 396. 4^ 
Sl^ebluui Limestone. 471 
Shiaia Serin. 234^ 250 
Shillong Series 144 
Shimosa Schist Belt. 105 
Shweretaw Stage. 492 
Sitvirites apinagcr ZiUie, 361 
Sijn Limvf^tocic Sta^e, 4TS 
Sikkim, 152 263, 370 
Sdhmaoite, 119, 143, 144 151- IM. 156, 
168. 173 
SOufiarLt 6?,. 70 


Simla-LraThwal; ArcliAeafl, 152 ; Palaei;i- 
?nk, 247; l^jnncHCafbofLifcrous, 
346 ; Trarbajy', 456 ; Eotene, 
475; Ohgo-ACioceM, 489 L 
Mio-niocene^ 508 
Simla Slates, 132, 194 
Sind ; Crctaceoas 410 ; Terrisfy 452 ; 

Hoceiie462; Oligo-3fwcene 4S4 
Singlihhum, xUcha^^^t^i 13* 

Singhbhnm Granite. 140 
Singn Sta^, 492 
Sinor, K. P . 259 
Sjrlvu Shales, 199 
Sirmut St'Wtetn, 488 
Sitayrtn Shales, 492 
Sittang Hjeer, 38 
Sivaganga bedj. 282 
Si^'anialai Series, 115 
vSiwalik Sv'slem, 75, 501-509 
Sitialik hilUs, 10, 23. 26. 23 
Siwana Granite, 192 
Smeeth. W. F;, 102 
SiHm-line, 15 
Sdls, 302, 449. 540 
S<4FaUja. 50 
SonakhnU Beds, 121 
Sunawani Series. 123 

Sons River (Valley). 17, 31. 142. 183. 193. 

200,202,254 
Son.giT Safldstofie, 413 

Son-Sakeaar, 44 

Spath, L. P., 28a 399 

Speckled Samhitnife. 337 

SpcnfflcT, E., 423 

Spintangi Limestone, 467 

Spiri feriaa strochevi Beds, 359. 370 

Spiti : Pre^mbf^n, 151 , Cambtian, 

; Ghdnvician-Silnrian, 233 ; 

Ekvaniaii. 239 ; CaTboniiEroLiJi, 
243 ; Bermsan, J25 ; Triaafiiic, 
350“358 : Jnrassic* 3S1 : 


CiwtacwttB 402 
Spih SliAles, 30. JSI. 388 
thfirmaJ, 77 

Sripemmbudyr Biede> 231 
Srisoilam QuartJite, 132 
Stachdifl Beds, 374 
Staui^ilite. I4L 153- 184, 191 
Steatite (Tak), 113. 175, 196 
Stibnite, 160 
Stlllweb, F. L.. 110 
StoUc^ka. F., 384 

Sti^ii' implemefiU ; Suan 524 , ^ladT.iHi 
528 : Irrawaddy 528 
StjCMTnbcfg Sf riea, 290 
StormtBTTg vnkaaka^ 291 
Stcatigrapliy 4 principles of, 89-93 
Strike diTtctlotts, In .Arclwiwna, $4 
Stuart, 3L, 215, 218, 221 
Snl^nsirt River. 34. 263, 331. 347 
Sahamarekha River, 1$ 

Suhathn Beds, 475 
Subrajaanlam, A. F., J14 
I Sue«, E.. 328. 529 
I Snkheswala, R. !s% 447 
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Sukrt ShfilJi*. 197, 199 
Eukiman Hiuase, 14^ I5 j 462 
Stili^utuii Beds, 3S2 
SuBa^'ni Stri-es, 184 
Supra-Pifiipvchet. 270 
Surma River, 36 
Surma Seri^, 490 
BusUGib Bretcio, 300 
Sutk) Hivci, 24. 25. 39 
Sylhet Liinc«U>i;ic> 477 
Sylhet Trap. 145 
Syutaxk, 60. 67. 68. 94. 387 
Sytincothvria IJrneslone, 244 
Symiite, 112. 115. 119. 120. 133 

T 

Tabbowii Serfccflv 282 
Tabyin VMys. 419 
Tfidpatri Stales^ 18 L 
TagHuK 382 
Tol Seriw, 387 
Tolar StaBe, 510 

TiJc, T40. 111. 175 . 

Tii^ir bwlder-btds, 62- 63.214,247* 255. 

259. 304,312. 313. 335. 337 
ToJehir Serirs. 255-259 
Tambropomi River, 19 
Tonaklci bouldef-bcd. 247, 255. 346 
Toruiwil Series, 247, 346 
TawRiuiyllica, 71, 292 
Tuitalitje, 118. 161 
Tapi (Tapti) Rivtr, 19* 526 
Taonum laH in, 287 

Tam>t StaRc, 506 
TaonfEiiTO Setiftfl. 157 
TawnR jVflg Craaitc, 231, 232 
Tawna System, 156 
TcEuasariiDp 77. 154. 156, 169 
Teral. 534 ^ 

Tertiarv CpTOUP (Summairy'P 74. 75. 450- 
460 

Tcthrt, 63, 70. 309, Jl I, 312. 113, 324. 

45a 501. 529 
Thabc St^, 244 
Therria Stagu, 477 
Tbiuiifrldia florB, 255 
Tburianit?, 118 

ThniM ; Chail, 65 : Cm, 65. 347 ; Krol. 

65, 347; 31uiirc«. 65; 60. 

4% 

Tibrl. 9. JO. 16.22. 25. 30. 33. 45. 329 

Tibetan lake*. 45 

Tdtak Pirbat Slaigr. 489 

Tiki Bnd*. 270 

TOin Satldklooc. 479 

Tklky.C. E., no 

Tin Ore. 167 

Tlpani Sniet, 511 

TEmbiui bfwia^ 198 

TirebaoL Limeatone, 198 

TirupOiti (Tripetlv) SandatdnJir, 27Si 280 

TiJta Rhw. 35,40 

Tituilumomp 168 

Tona Kiviiir, 35 


Trap, dyllM ete. ^ Bljawar, 187 : Biindul- 
khiuid, 136; Ckid Jajpob, 180, 1-82, 
jft6; Diilran, 138; Deccan, 79 ; 
qcfldvvana. 188, 303 ; C-iA-aliar, 
131 186, iSTr Khe^, 215 : 
PiuiiBi, 310. 327, 331. 332; 
Rajamalieildri, 434. 444. 447 ; 
RajTTiahnl, 271, 272, 283, 307 ; 
^mfi, 198. 202 t SyJhet. H5 

I Traits-HLmalAya. 13. 22. 36 
I Triiimatocrinuii Brd, 360 
TTOvaHcare. S. 55. l09. 167* !68i 458* 498, 
513. 538 

Triossii: Systran. 71. 349-380 
Triditiwp^y : Uptjwr OondwaPa* 282 ; 

Ccetlieeatte.415 
Trichiricipoly Stage, 420 
TrlgOfli* Bc^ 399 
TropitM Bcda. 355, 363. 364. 365 
Too Lhamo Series, 330. 370 
Tuna Itmcstmie* 407 
Tungabhadra 18 

Tungsten OCV, L68 
Turn Stai?e, 478 
Turner, >\ 111 


U 

Ukra Beds, 277, 399 

UltralMslc 6,73. 74.78,79.133,138. 
139, 154, 161, 168* 174, l9l 407. 429. 
430 

UlfiariB marine bid, 279. 331 
l.;mm ^priea, 177, 399 
Uintatdob Limcatcmi', 477 
L'nminra {Uraninite) 39, 143, 167, V69 
IJsar, 535 

LHiattur SlogC,^ 415 


%'Alkrila SyBtem, 15L 194 
Vaiuodii^cniaa msvgrwjtite, 139, 140,165, 169 
Variegated Scrk«, 250, 388 
Vemavarom Sliales. 280 
Vempalk (Yaimpoli] Stage. iM 
Vem^, K A„ 182 
Venidg-Meitvear. 85 
Venkataram. M. S.., 281 
Vindhya Moun&jna, 6, 197 
VmdHyau Bailn, 61. 62. 196^ 197^ 201. 250 k 
530 

VindfaVAU Siitrni. 6. 6L 62, |92'208 
Virgal Beds^ 340 

Volcftwort, 49- 50 _ 

VredepbuTg, E. 255* 414. 491. 509. 
510 

Vijaymn Soiled. 116 


Waaipeti. W..344 

I WmIu, D, >1.. 15a 221, 722 
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Wadhu'Skn SatndstDne, 274 
L Rr, 263 
Wonni OiieiflB. 1 
Wnrkalli (Varksilft) 513 
Wartli, H.. 424 
WasJiingtonp H. S,, 437 

Wmtcrf^Jd, 20-21 
Watershed. S 

Wegener. A.. 3l0 

\v2t. W. D.t 65- *25, J50, 438 

Western dhata, 4. 1 35 

Wetwin flhaln. 243 

WoUntn, )6S 

WjTuie, A. B,* 209. 22i 

WuLif lake, 4* 


Y 

Yamuna Jumna) 

Yaw Shades, 480 


Z 


Zam» Beds, 399 

Zanskar Kaoge, lOi 22, 25 

Zebidgyi Beds. 239 

Zeolites. 440- 441 

Zewan Beds, 334 

Zinc are, 165 , ^ 

Zireon, ill IIS- 120, 144, I Si, l«*. 17J 
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